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ENVIRONMENTAL ASSESSMENT FORM (EAF)

This form is to assist the reviewers in determining whether
a proposed action could cause significant natural and socio-
economic environmental effects and thus require an Environmental

Effects Report.

DEPARTMENT__ of [atira] Resources DIVISION_(pactal pesources

OTHER Tidewater Administration

PROJECT TITLE___ Interim Beach Maintenance at Qcean City

PREDICTED DATES: COMMENCEMENT 1981 COMPLETION  1qg6

PROJECTED COST $15,115.000

I. BACKGROUND INFORMATION

1. Give a brief description of the proposed action/project(s)

.LConstruct a system of 47 groins over the northerly 8 miles
of Ocean City Beach.

Describe the geographical area(s) which will be affected
by the action/project(s). specifically locate the project
by using the Maryland Coordinate Grid System, include
distinguishing natural and man-made features and a brief
description of the present use of the area(s). Include

a suitable location map (sketch map or copy of U.S.
Geological Survey map, cetc.). '

[\

Ocean City Beach.



II. ASSESSMENT OF SIGNIFICANT ENVIRONMENTAL EFFECTS

The followlng guestions should be answered by placing
a check in the appropriate column(s). If desirable, the "com-
ments attached" column can be checked by itself or in combination
with an answer of "yes" or "no" to provide additional information
or to overcome an affirmative presumption.

In answering the questions, the significant beneficial
and adverse, short and long term effects of the proposed action,
on-site and off-site during construction and operation should be
considered.

All guestions should be answered as if the agency is
subject to the same requirements as a private person requesting a
license or permit from the State or Federal Government.

v Comments
Yes No Attached

A. Land Use Considerations

1. Will the action be within the
100 year flood plain? X

2. Will the action require a permit
for construction or alteration
within the 50 year flood plain? X

3. Will the action require a permit
for dredging, filling, draining
or alteration of a wetland? X

4, Will the action require a permit
for the construction or operation
of facilities for solid waste
disposal including dredge and
excavation spoil?

5. Will the action occur on slopes
exceeding 15%?

l><

6., Will the action require a grading
plan or a sediment control permit?

|><

7. Will the action reqguire a mining
permit for deep or surface mining?

8. Will the action require a permit
for drilling a gas or oil well?

|
g
|

9. Will the action require a permit.
for airport construction? X

10. Will the action require a permit
for the crossing of the Potomac
River by conduits, cables or
other like devices? X

i
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11.

12.

13.

Will the action affect the use
of a public recreation area, park,
forest, wildlife management area,
scenic river or wildland?

Will the action affect the use of
any natural or man-made features
that are unique to the county,
state or nation?

Will the action affect the use of
an archaeological or historical
site or structure?

Water Use Considerations

14.

15.

l6.

17.
18.

19.

20.

21.

Will the action require a permit
for the change of the course,
current, or cross-section of a

‘stream or other body of water?

Will the action require the
construction, alteration or
removal of a dam, reservoir or
waterway obstruction?

Will the action change the over-
land flow of storm water or
reduce the absorption capacity of
the ground?

Will the action require a permit
for the drilling of a water well?

Will the action require a permit
for water appropriation?

Will the action require a permit
for the construction and opera-
tion of facilities for treatment

or distribution of water?

Will the project require a permit
for the construction and operation
of facilities for sewage treatment
and/or land disposal of liquid
waste derivatives?

Will the action result in any

discharge into surface or sub-
surface water?

itk

-
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Commentsl
Attached
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27.

Air

23.

24.

25.

26.

27.

If so, will the discharge affect
ambient water quality parameters
and/or require a discharge permit?

Use Considerations

Will the action result in any
discharge into the air?

If so, will the discharge affect

ambient air quality parameters
or produce a disagreeable odor?

Will the action generate addi-
tional noise which differs in
character or level from present
conditions?

Will the action preclude future
use of related air space?

Will the action generate any
radiological, electrical,
magnetic, or light influences?

Plants and Animals

28.

30.

Will the action cause the dis-
turbance, reduction or loss of
any rare, unique or valuable
plant or animal?

Will the action result in the
significant reduction or loss

of any fish or wildlife habitats?

Will the action require a permit
for the use of pesticides, herbi-
cides or other biological, chemi-

cal or radiological control
agents?

Socio-~Economic

31.

Will the action result in a pre-
emption or division of properties

or impair thelr economic use?

iv

Yes

No

Comments
Attached



Comments
No Attached

——
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32. Will the action cause relocation
of activities, structures or
result in a change in the popula-
tion density or distribution?

|
ok
|

33. Will the action alter land values?

34, Will the action affect traffic
flow and volume?

35.  Will the action affect the pro-
duction, extraction, harvest or
potential use of a scarce or
economically important resource? X

© 36. Will the action require a

license to construct a sawmill or
other plant for the manufacture
of forest products?

37. 1Is the action in accord with
federal, state, regional and local
comprehensive or functional plans--
including zoning? X

38. Will the action affect the employ-
' ment opportunities for persons in :
the area? _ X

39. Will the action affect the ability
of -the area to attract new sources
of tax revenue? X

40, 'Will the action discourage present
sources of tax revenue from remain-
ing in the area, or affirmatively
encourage them to relocate else-
where? X

41, Will the action affect the ability
of the area to attract tourism? X

Other Considerations

42, Could the action endanger the pub-
lic health, safety or welfare?

43. Could the action be eliminated
without deleterious effects to the
public health, safety, welfare or
the natural environment? I & _—

{
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44,

45.

46.

Will the action be of statewide

significance?

Are there any other plans or

actions (federal, state,

or private) that, in conjunction

county

with the subject action could

result in a cumulative or syner-—

Yes

gistic impact on the public health,
safety, welfare or environment?

W1ll the action require additional
power generation or transmission

capacity?

Conclusion

47.

This agency will develop

plete environmental effects report

on the proposed action.

a com-

vi

X

No

Comments
Attached




ENVIRONMENTAL EFFECTS REPORT

for

Interim Beach Maintenance at Ocean City, Maryland

State of Maryland
Department of Natural Resources
Tidewater Administration
Coastal Resources Division

February, 1980
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ES B. COULTER LOUIS N. PHIPPS, JR.
SECRETARY DEPUTY SECRETARY
STATE OF MARYLAND
DEPARTMENT OF NATURAL RESOURCES
TIDEWATER ADMINISTRATION
TAWES STATE OFFICE BUILDING
ANNAPOLIS 21401

Summary of Environmental Effects Report

A. Kind of Action

Request for Legislative appropriation.

B. Responsible Official

James B. Coulter, Secretary
Department of Natural Resources

C. Official Responsible As Contact For Questions

Dr. Sarah J. Taylor, Director
Coastal Resources Division

D. Description of Action

Ocean City beach. There is an urgent need for beach maintenance

and storm protection at Ocean City beach. A permanént solution is

under study by the U.S. Army Corps of Engineers, but cannot be
implemented for at least 7-10 years from now. The Tidewater
Administration, Coastal Resources Division, in cooperation with

the Coastal Resources Advisory Committee (CRAC), has conducted

a study of alternative approaches for interim beach maintenance at

Ocean City beach. Based on the results of this study, CRAC has

advised the Secretary of Natural Resources to pursue an interim approach
which consists of constructing a system of short groins along

the northernmost 8 miles of Ocean City beach.

viii

l The proposed action is to provide interim beach maintenance of



The conceptual plan for this project includes extending 24
existing groins and constructing 23 new groins, so that they
extend seaward to the -4 foot mean low water depth as determined
by the 1965.survey of chan City beach. The "pockets" between
the consecdtive groins will be filled with a total of approximately
975,000 yd3 of sand to be taken from an offshore borrow site.
The borrow site is located approximately 2 1/2 miles offshore
from Ocean City Inlet. |

The system of short groins is expected to reduce the net
littoral drift of sand to the south from the present rate of

3, to a net rate of 75,000 yd°. The sand fill in the

150,000 yd
groin pockets will need to be replenished at an annual rate of
75,000 yd°.

Based upon a conceptual plan, the costs for the proposed
project are estimated to'be.$5,061;000 fok extension and construction

of groins, and $5,553,000 for initial sand fill. The cost of annual
replenishment is estimated to be $450,000.

Environmental Effects

| The proposed action fs expected to stabilize the existing beach
at Ocean City, and thereby maintain the recreation pdtentia] and
storm protection presently provided by the beach. Some additional
storm protection will be provided by the sand fiil as well. The
seaward horizontal section of the groins may be grouted to

provide access to recreational fishermen. Construction of the
groins is expé&ted to allow the tourist industry in Ocean City

to persist at its present level and rate of expansion.

ix::z-
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Adverse ecological effects will occur, but are expected to
be minimal because the areas affected (the nearshore surf zone
along Ocean City beach, and the offshore borrow site) are normally

highly stressed environments which support a low diversity of

" highly resilient organisms.

Alternatives Considered

fhe following alternatives to the proposed project are
considered: (1) No Action, (2) Beach Restoration, (3) Isolated
Groin Field, (4) Isolated Beach Fill, (5) Use of Isle of Wight
Bay Borrow Sites.

Sources From Which Written Comments Have Been Requested

1. Agencies from within and advisory to the Department of
Natural Resources:
Tidal Fisheries Division
Maryland Geological Survey
Shore Erosion Control Program

Water Resources Administration - Wetlands Section

Coastal Resources Advisory Committee - Ocean Bays and
Beaches Task Force

2. Other State of Maryland Agencies:
Department of Economic and Community Development
Department of State Planning

3. Local Government Agencies:
Worcester County

Mayor and City Council of Ocean City

4. Federal Agencies;

U.S. Fish and Wildlife Service
National Marine Fisheries Service
National Park Service

U.S. Army Corps of Engineers



5. Others:

State of Delaware, Dept. of Natural Resources and
Environmental Control

Committee to Preserve Assateague
Mary]and Conservation Council
Dr. Robert Dean

Dr. Robert DoTan

Trident Engineering Associates, Inc. (ATTN: Joseph Caldwell,
Richard Wagner)

Date this Report Was Sent to Clearinghouse

March 12, 1980
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I. Description of the Proposed Action

A. Historical Background

(1) The erosion problem at Ocean City:

The Ocean City, Maryland, pbrtion of the Atlantic shore
contributes significantly to the recreational activities of
man. It is estimated that during the period from July 1978
through June 1979, 2,870,000 man-days, and $170 million,
were spent by tourists in Ocean City (Davis, P. S. and Fahle,

V. L. 1980. Economic Rational For Preservation of the Ocean

City Beaches. Report by Maryland Department of Economic and
Community Development. Attached as Appendix A.)

Due to erosion caused mainly by storms, the beach adjacent
to the ocean and to the high density development on Fenwick
Island is decreasing in width at an average rate (over the past

50 years) of approximately 2.4 feet per year. This erosion

storms, which the beach has been able to provide.

Although the Ocean City coastline has experienced several
major storms, the hurricane of August 1933, and the northeaster
of March 1962, ére most notable. During the storm of 23 Augﬁst
1933, wind_ve]ocities of up to 60 miies per hour and waves up
to 10 feet in height were reported. The tide reached a record
level of 7.5 feet above mean low water (MLW). A breach (approx-
jmately 250 feet wide and 10 feet deep) in the barrier island was
created at the south end of the Town of Ocean City and resulted
in the existing Ocean City inlet. Damage caused by inundation

and high waves was estimated at $500,000.

I has decreased the recreational potential, and protection from



The most severe and damaging storm known to have affected
the Ocean City area was the northeaster of March 1962. An
unusual storm pattern, which produced 50 mph winds with a long
fetch over a period of several days, superimposed upon normally
high spring tides, produced waves estimated to be 10 to 15
feet high, and tides of 9 feet above mean low water (MLW).
Practically the entire barrier beach in Maryland was under water
at some time during fhe storm from wave wash, and virtually every
property experienced some type of damage. The damage along
Fenwick Island varied with the amount of beach existing before the
storm. At the inlet, on the.south end of Fenwick Island where the
North jetty had impounded a beach 800 feet wide, démage to struc-
tures from wave action was minor. As the beach narrowed gradually
north of the inlet, destruction mounted rapidly. Further north,
at about 41st Street, there was a severe increase in wave damage
to structures. In the vicinity of 71st Street, a bréach approx-
imately 50 feet wide was cut through to the bay. South of the inlet,
Assateague Island was severely pounded, dunes were leveled, and
seas as high as 6 feet reportedly swept over the island. One life
was reported lost at Ocean City as a result of the storm. Total
damages were estimated at $7,000,000.

The State and Town of Ocean City have made efforts in'thé past
to stop the erosion of the beach and provide additional storm
protection. On the Ocean City beach there are presently 42 groins
‘that wefé constructed during the 56 years between 1922 and 1978.
During the last fiscal year, 7 additional groins were approved and

are presently under various phases of planning and construction.'

-2-



During the 40-year period between 1922 and 1962, the State Roads
Commission built 25 timber groins. In the period between 1954
and 1955, the State Roads Commission also built 43 asphalt groins
which were subsequently destroyed by storms. In 1973, the Sedi-
ment Erosion Control Program within the Departmént of Natural
Resources, took over the construction and repair of groins.

Over the 56 years, the existing groins were constructed
perpendicular to the shoreline, starting at the dune line and
extending 200 feet offshore. They vary in elevation from +2.0
feet MLW to +14.0 feet MLW. Each groin is designed to retain or
enhance the beach 300 to 400 feet on each side of the structure.
Groins are most successful when they are part of asystem of groins,
trapping and holding the littoral draft of sand. The groins at
Ocean City are generally not located so as to form a groin system.
Rather they have been positioned, at the request of the Mayor of
Ocean City, in spots along the nine miles of coastline which have
been considered to be problem areas.

Another approach employed to provide protection against storms
at Ocean City has been the use of bulldozers to obtain sand from
the surf area and to stockpile it on the upper reaches of the beach
or against foundations of buildings. The concept of bulldozing
at Ocean City was originated by Mayor Kelley in 1973, and the first
bulldozer was purchased in the summer of 1976. In the winter of
1976-1977, approximately 8 miles of beach were reconditioned. In
the winter of 1977-1978, bulldozing was limited to storm-damaging
areas, which in essence encompassed most of the beach.

Bulldozing was less extensive during the winter of 1978-1979,

due to a Tow frequency of major storms. During January 1980,a storm

-3-



céused some damage to buildings near 80th Street, and bulidozers
were again used to rebuild the upper reach of the beach in that
aréa . .

It has not been possible to quantify the effectiveness of
the bulldozer-created sand mounds in reducing or delaying erosion.
However, based upon measurements of a few of these sand mounds, and
calculations derived from tests conducted in large wave tanks, it .
can be estimated that the mounds might offer a fair degree of
protectibn during the first two hours of attack by 5.5 foot wave
heights. Thus, it would appear that fpr a storm lasting through
only one high tide, the bu]]dozing probably has some beneficial
effect (see attached report by Trident Engineering‘AsSociétes, Inc.

Preliminary Report -- Interim Beach Maintenance At Ocean City, pp.

34-36. Attached as Appendix B.)
(2) The U. S. Army Corps of Engineers Project:

Recognizing the economic and aesthetic importénce of Ocean City
beach, and the threat from increased erosion, the Committee on Public
Works of the House of Representatives in 1963 directed the Secretary
of the Army to 1h1tiate a study to ascertain the need fof beach
erosion control and hurricane protection measures. The study began
in 1965, and a draft report was completed in April 1970. As a result
of fhe delay caused by withdrawal of local support in February
1973 and subsequent reinstatement of local intérest in September
1973, the draft report became outdated. The study was reinitiated
in March 1974. The updated report (a summary of which is attached
in Appendix B. ) was presented to the Mayor and City Council of
Ocean City in March 1977. 1In March 1978 the U. S. Army Corps of

-4-



Engineers received a letter of support from the State of
Maryland which allowed the project to advance to the next develop-
ment phase which consisted of study review and appropriation of
funds by the U. S. Congress. It is estimated that even with no
additional majof delays, actual construction of a Corps of Engineers
beach maintenance and storm protection project would not be iﬁitiated
for another 7-10 years,
(3) The Coastal Rsources Advisory Committee and the Ocean Bays

and Beaches Task Force:

The Coastal Resources Advisory Committee (CRAC) was created
in June 1976 by the Secretary of the Maryland Department of Natural
Resources to serve as the advisory body to Maryland's Coastal Zone
Management Program. It consists of 98 members representing local,
state and federal governmental agencies, various interest groups
(eg. industry, conservation, civic, business), the academic community,
and the public-at-large from varying geographic areas of the State
and with diverse backgrounds. In October 1978 CRAC members created
an Ocean Bays and Beaches Task Force because of concern over the
length of time it would take the Army Corps of Engineers to implement
a permanent beach erosion project for Ocean City. The Task Force
assigned the responsibility of investigating interim measures to
maintain the beach at Ocean City until the permanent Corps project
was constructed.

In April 1979, Trident Engineering Associates, Inc. (hereafter
referred to as Trident) was selected to perform a Study of possible
approaches to interim beach maintenance at Ocean City. On July 30,

1979 Trident made an oral presentation to CRAC, describing the
-5-



erosion procésses which impact Ocean City beach, and reviewing
13 alternative interim erosion control and storm protection -
measures. The approximate costs of, and levels of protection
provided by each measure were discussed. The Ocean Bays and
Beaches Task Force selected three of the measures for more de-
tailed analysis by Trident. The three measures selected were:
(1) long groins (approximately 400 to 500 feet in length) with
sandfill; (2) short groins (approximately 200 to 225 feet in
Tength) with sandf;i11; and (3) sand replenishment. ‘Trident
completed the final report on these three optiona} measures in
September 1979. In40ctober 1979, QRAC vdted to»recommend to the
Depa}tment of Naturé] Resources that the short groin opfion be
pursued as a means for interim beach protection of Ocean City.

Objectives of Project

- The objectives of the proposed project are:

1. to stabilize the northernmost 8 miles of Ocean City
beach by reducing the rate of erosion caused by net littoral drift
to the south, through the construction of 47 groins fiT]ed with
sand, using existing groins where poszb]e;

2. to maintain, and to some extent'increase, the level of
storm protection provided by the beach;

3. to be compatible with the long term beach maintenance
and storm protection project being developed by the U.S. Army
Corps of Engineers;

4. to potentially reduce the rate of shoaling of the.
navigation channel through the Ocean City Inlet;

5. to avoid a significant reduction of the sand s&pp]y to

the northern end of Assateague Island, and to the southern end of

-6-
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Delaware's ocean beach.

Location of Project (This section is based upon information provided

in the Trident Reports attached as Appendix B).

(1) Location of proposed groins (see Figure 1, pg. 8)

On the Ocean City beach, there are presen$1y 42 groins that
were constructed during the period between 1922 and 1978. In
addition, 7 more groins were approved dufing the last fiscal year
and are presently in various stages of planning and construction.
Of the total of 49 groins which have been constructed or are
approved for construction, 14 of them are located in the first
mile of beach as measured in a northerly direction from the North
Jetty at the Ocean City Inlet. These 14 groins are mainly buried
under the sand of the shorefront. (Thé groin located between
10th and 11th Streets is the only groin that is visible at present.)
The distance from the North Jetty at the Ocean City Inlet to the
groin located between the 10th and 11th Streets is + 6030 feet or
+ 1.14 miles. This 1.14 miles of shorefront'contains an
accrétion of sand which has been built up from the influence of the
North Jetty since its constructfon in the 1930's.

Because of this accretion, the Trident Report recommended
that additional groins not be constructed in this first mile -
section of the Ocean City beach. From the location of the groin
between 10th and 11th Streets to the Maryland-Delaware line, it
is approximately eight miles. It is within this eight-mile
section that it is proposed that new groins should be constructed
to protect against shore erosion.

The recommended spacing between groins is 840 feet, as
derived from the authoritative work on groin field design: the

-7-
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shore Protection Manual, Volume I1, Section 5.6, U.S. Army

Coastal Engineering Research Center, 1977, Third Edition.

Since spacing the new groins can be done to utilize existing

groins (where a new groin could be built as an extension of an
existing groin) 47 groins are recommended for this eight-mile
section. Placement of the 47 groins is shown in Figure 1. However,
in order to maximize the use of existing groins, it is necessary

to deviate from the recommended spacing of + 840 feet. In the

proposed plan, 41 of the groins are within + 80 feet of the

recommended spacing. Six deviate from the recommended spacing

by as much as + 260 feet. Since the eétire eight miles of
shorefront is to function as a single integrated groin fie]d? these
deviations from the recommended spacing of + 840 feetlare not
considered a significant change to the basic design.

It should be noted that the locations of existing groins
were derived from plans made available by the Corps of Engineers
and the Department of Natural Resources. Field verification of
the actual locations of the groins has not been made. Also,
examinations of the existing groins, to determine if they are
structurally sound and can be used for the base of an extended
stone groin, have not been made. However, for the purpose of

providing a conceptual plan of the proposed project, it is believed

that the configuration shown in Figure 1 is appropriate. Should
the project plan be accepted, a detailed design study would be
conducted that would examine the existing groins and would verify
the actual locations of the proposed groins.

(2) Location of proposed borrow site:

-9-



The location of potential borrow sites near Ocean City have
been identified by the Army Corps of Engineers and are shown in
Figure 2. The proposed borrow site is identified as "Offshore
Source 1" which is located approximately 2 1/2 miles off the

Ocean City Inlet.

-10-
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Description of Short Groins and Sandfill (This section is based

upon information provided in the Trident Reports attached as
Appendix B.)
(1) Groih profile (see Figure 3, pg.13 ):

The design of the proper length and profile for groins is
determined by water depths and beach and bottom prdfiles from the
dune line out to about the -8 foot or -10 foot mean Tow water (MLW)
depth. Average profiles for the northern 8 miles of Ocean City
Beach from the dune line out to the -10 foot depth were eﬁtab]ished
from the 1965 and 1979 surveys made by the Baltimore District of
the U.S. Army Corps of Engineers (see Figure 4 , page 14).

In order to inshire that sand wou]d be retained between the
groins, it was decided that the seaward end of the groins should
extend to about the -4 foot depth as shown in the average of 1965
profi]es._ Thus, for the short gfoin, the distance from mean high
water (MHW) to the seaward end of the groin is 215 feet.

The berm elevation ahd the shoreward horizontal sectjon of the
berm is normally placed at fhe elevation of the upper limit of wave
run-up accompanying moderate storms. Study of the 1965 and 1979
profiles indiéated that the natural berm elevation is about +10 feet
MLW. Thus +10 feet MLW is the recommended elevation for the berm

and shoreward horizontal section of the berm.

From MHW up to the seaward edge of the berm, the groin is usually
constructed on a slope to conform to the natural beach slope. An
analysis of the position of the seaward edge of the berm in the
northerly eight miles of the shore indicates that the average slope
of this section of the beach (MHW to crest of berm) is very close to
1 on 10. Thus, using this as the design slope, and recognizing the

-12-
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difference in elevation between the MHW Tine (+3.5 feet MLW) and
the berm at +10 feet MLW (a difference of 6.5 feet), the sloping
section of the groin would end at a point 65 feet shoreward of the
MHW point on the profile.

The "working" length of the groin is considered to be its
length from this seaward edge of the berm to its seaward end, and
is the parameter used to determine the distance between consecutive
groins. Since the distance from the seaward edge of the +10 foot
berm to MHW is 65 feet, and the distance from MHW to the seaward
edge of the groin is 215 feet, the design "working" length is the
sum, or 280 feet. The "Shore Protection Manual" recommends that
the spacing of groins be two to three times the "working" length
of the groin. Using the higher figure, the groin spacing is '
determined to be-£840 feet.

The beach between two adjacent groins can be expected to orient
itself to a position parallel to the wave crests arriving at the
beach. This will cause the beach to be wider against one groin than
it is at the other. At Ocean City, the wave action can be expected
to produce a "wide" beach at the southerly end of a groin_pockét, and
a "thin" beach at the northerly end. The design of the groins, then,
must ensure that the wide beach is contained at the southerly end and
thai the thin beaph at the northerly end still has sufficient width
to provide some degree of storm protection.

The critical factors in determing the "offset" in the beach between
the north and south end of a groin pocket are the distance between the
groins and the stable angle of beach alignment. This angle is very
difficult to compute with assurance but can readily be measured if a
local sand impoundment condition exists. Such a condition exists north
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of the North Jetty at Ocean City. Measurement of the filled impoundment
north of the jetty indicates an angle of about 69 as the stable angle.
For the recommended groin spacings, the "offset" width of the beach be-

tween two groins would (with tan 6° = 0,105) be tan 6° x 840 90 feet.
This figure (90 feet) shows the magnitude of the beach “offset"

alignment within the pocket between two adjacent groins. If it is assumed
that the thin side pf the pocket should not be seaward of the existing
position of the beacﬁ face, then enough beach fill must be placed inside
the pocket to provide the "offset" indicated.

Additionally, the horizontal berm sectioh of the groin must extend
seaward a sufficient distance to contain this offset. Thus, the +I0 feet
horizontal shore section of the groin must extend seaward at the +10 feet
e]evatibn by 90 feet from the existing position of the creét_of the berm.
Also, this section:of the groins should extend shoreward from the crest
of the berm a sufficient distance to prevent flanking of the groin during
a storm event. The shoreward extension from the crest of the berm should
be at Teast 50 feet unless the shoreward end is protected by a bulkhead.

The final feature incorporated into the design of the groin profile
is the crown elevation of the seaward horizontal section_of the groin; The
”Shore Protection Manual® indicates that the elevation selected should permit
overtopping by storm waves or by waves at high tide. Thus, the elévation
of the groins should be at or near the elevation of MHW, which is +3.5 feet
MLW. In order that the groins would remain visible to boaters and swimmers

during most tidal conditions, and also to make construction easier, it was

decided to place the crown of the seaward horizontal section at +4.0 feet MLW.

It should be noted that the location of the groin (Figure 13) is shown
with reference to the average 1979 beach profile and the intérsection of

the mean high water line with the beach profile. If, in the final design,
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a wider beach 1is desired, the entire groin should be shifted to
match the new profile position.
(2) Groin cross-sections;

Figures 5 through 9 are the five cross-sections which are pre-
liminary concepts of the Ocean C{ty short groins. The five cross-
sections are not regarded as final designs; rather they are used
to indicate the general features of the groin and provide guidance
for making initial cost estimates.

CROSS SECTIONS

Figure 5............ Groin Head in -6 feet MLW

Figure 6....y4.+.+0,Groin Trunk in -6 feet MLW

Figure 7....cc0uvuns Groin Trunk in -3 feet MLW
Figure 8............ Groin Trunk in O feet MLW
Figure 9...... v Groin Trunk in +3 feet MLW

For all cross-sections, the actual design water level was

assumed to be +3.5 feet additional for high tide, and +3.5 feet

w17
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additional for the added storm surge; e.g., the design water

level elevation was 7 feet above mean low water, Use of the +7
feet MLW would ensure that the groin would be stable under severe
storm wave conditions. For example, with an assumed water depth
of -6 feet MLW at the head of the groin, the storm water eTevation
would be 6 ft. +3.5 ft. + 3.5 ft. = 13 ft. This ]3-foof depth
would permit a 10.1 foot breaking wave to break on the head of the
groin. Thus, the head of the groin is designed to withstand a
breaking wave of a 10.1 foot height. A stone weight of 165 1bs/cu.
ft. has been as;umed for this design. The breaking height will be
less as the water depth decreases. For example, at the mean low
water beach line, the storm water depth would be 7 feet and the
design wave becomes 5.5 feet.

The question of whether or not to provide a walkway on the
grdin should be left with the client. If a grouted walkway is to
be.provided, theh the middle stones on the crown could be méde
smaller and the grouted mass used to provide the needed weight and
strength. The walkway could be used for recreational fishing if
the client desires this feature.

The crown width of the groin at each section is set to provide
three armor stones across the crown. Under this criterion, the
section of the groin at the mean low water section would be only
six feet wide on the crown. This six feet would not be wide enough
to serve as a roadway for heavy construction equipment. Thus, if
a permanent roadway (for construction and maintenance) is desired
on the groin, the cross-section in certain sections of the length

would have to be widened to provide a wider crown.-
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The selection of the bottom elevation of the groin would
require additional study before a final decision is made. The
elevation of the bottom should be set at the lowest elevation
expected at each groin's location during very severe eroded con-

- ditions of fhe shore. (For_examp]e, the bottom profile at the
end of the March 1962 storm might serve as a basis for setting
the bottom elevation of the groin along its length).

The bottom elevations shown on the five cross-sections should
not be used as a final design feature. This feature should be Teft
to the enginéer making the final design for groin constfuction and
placement.

(3) Filling the groins:

Filling the groins is the process, natural or man-made, by
which the areas between adjacent groins are filled with sand to
establish the designed beach conditions in each beach pocket
between adjacent groins. As previously discussed, the beach pockets
between adjacent groins will tend to align themselves at about a
6° angle with the present shoreline. If no new sand is placed in
the pocket, the beach will tend to rotate horizontally about a
point midway between adjacent groins. This rotation will result
in the "thin" end of the pocket (probably the north end) eroding
back into the shore in such a way that the crest of the berm will
retreét landward about one-half of the "offset" distance. The
distance of erosion is calculated to be about 45 feet for the short
groins.

This amount of erosion would probably cause some damage to the
backshore, even under nonstorm conditions, and woq1d probably

-24.
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permit servere damage under storm conditions. This type of
damage can be avoided by:

- Building the groins successively, starting at the
south end of the beach and not building the second
grojn until the first groin had filled with sand
from littoral drift, and not building the third
groin uhti] the second groin had filled, etc.;

- Artifically filling the groin pockets with the
required amount of sand as soon as each adjacent
groin is built.

The first method would permit an average of about seven
short groins to be built each year, or about seven years to
complete the installation of the 47 groins.

Under the artifical fill method, the groins cod]d be con-
structed as rapidly as practicable provided the beach pockets
between the groins were filled with sand immediately following
construction. Using the average beach profiles and beach fill
cross-section for the 1979 contour, the estimated fill needed
3

for each groin pocket is: 20,120 yd.” (total for 47 groins 5

925,520 yd°).

Implementation Plan

(1) Timing and sequence of construction:

if the groin pockets are not artiffca]]y filled with sand at
the time of construction, it will take probably seven to eight
years of time to construct all of the short groins. This is
estimated at the fill rate of some six groins per year. This

amount of time is needed to allow the groins to fill with sand from
-25-



the littoral drift before additional groins are constructed.

Using this method, some erosion may take place at the north
end of each groin pocket. Additionally, a significant amount of'
the littoral drift sand presently being passed along the shore-
front would be retained in the groin bockets and would thus be
taken out of the littoral drift systeh that deposits this sand in
other locations along the shorefront, including the shorefront
of mile 1, north of the North Jetty at Ocean City.

* The recommended method to prevent erosion in the groin
pockets and to not deprive the Tittoral drift of_signifiéant
quantities of sand is to fill each groin pocket artifically at the
time of construction. This method will also allow construction
to proceed as fast as a contractor can build the required number
of groins per year. For the purpose of this report it is assumed
that ten groins can be built each year and filled at the time of
construction, thus, the Ocean City groin system cod]d be completed
in approximately five yeérs.

Groin construction should start at the south end of the beach
and proceed north. In the southerly section of the beach, the
first ten groins to be constructed would be from 9th Street to 3ist
Street. In this section, ten existing timber groins are properly
spaced for use to be extended by the new stone groins.

The first year's cost would thus be for ten stone groin exten-
sions to existing timber groins. The actual length of stone groin
needed as an extension to an existing timber groin cannot be
accurately determined without a field survey and determination of
the desired height of all groins for the Ocean City beach environ-

ment. However, it is estimated that the stone groin should be at

-26-
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1ea§e 129 feet long. This would tie the stone groin into the
timber groin abproximate]y at the MHW line of the "wide section"
of the beach fillet (see Figure 3, page 13 ). It might be
desirable to extend the stone groin further into the shorefront,
but this would need to be determined by field survey and final
design considerations.

The important factor would be to make certain that there is
a proper "tie-in" between the wood piling section and the rock
section. One way of doing this would be to consider the timber
groin as a "center board" for a portion of the rock groin.
Under this concept, the rock groin would be brought shoreward
sufficiently to overlap the wood section for a distance of 15
to 20 feet. The rock section in the overlap would be retained at
the same section as would be used if no wood groin were present.
The wood section would then be along the center]iné of the over-
lapping rock section.

The rock section would, of coﬁrse, be discontinued after the
15 or 20 feet of overlap had been obtained and the wood section
left to provide the remaining groin section to the back of the beach.

(2) Groin construction costs:

Estimated cost for a stone groin of the approximate size and
cross-saction dimensions recommended for the Ocean City environment

is $473.64/1inear foot*.

* The $473.64/1inearAfoot cost for stone groins is based on an estimated cost

of groins furnished by the Philadelphia Corps of Engineers.
-27-



Ist Year Cost

Groins - Lxtension of 129 feet of new stone groins to ten existing
timber groins

$473.64 x 129 feet = $61,100.00 ea.
x 10 groins = $611,000.00
Sand Fill - 20,120 yd3 for each groin pocket
x 9 pockets of 10 groins = 181,080 yd3
X $6.00%%/yd’ - $1,086,480. 00

TOTAL COST 1ST YEAR.......oovvuuntn $1,697,480.00

2nd Year Cost

10 groins from 34th Street to north of Maryland Route 90 location
(see Figure 1). 1In this section there is one timber groin and two
(1979 stone groins that can be used for extensions. Seven new
stone groins would be needed.

3 extension groins x $61,700.00 ea. = $ 183,300.00

7 new stone groins ($473.64 x 330 feet)
$156,301.00 ea. x 7 : = $1,094,108.00

Total for Groin Construction....... $1,277,408.00
Sand Fill - 20,120 yd3-for each groin pocket

201,200 yd°
$1,207,200. 00

x 10 pockets of 10 groins
x $6.00/yd3

TOTAL COST 2ND YEAR........... EEREE $2,484,608.00

**$6.00/yd3 cost for sand is based on September 1979 estimates received from
the Baltimore District Corps of Engineers from their latest revision of their
Beach Erosion Study. Actual costs incurred at the date the dredging is to
be accomplished may vary considerably.

-28-
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3rd Year Cost |
10 groins'from north of Maryland Route 90 location to 93rd Street.
In this section, there are four existing timber groins and two
(1979) stone groins that can be used for extensions. Four new
stone groins would be needed.

6 extension groins @ $61,100.00 ea. = $366,600.00

4 new stone groins @ $156,301.00 ea. = $625,204.00

Total for Groin Construction....... e, $ 991,804.00

Sand Fill - 10 groin pgckets = 201,200 yd3
x $6.00/yd = $1,207,200.00

~ TOTAL COST 3RD YEAR.......evrviennenncnnennnanns $2,199,004.00

4th Year Cost

10 groins from 98th Street to 128th Street. In this section,

there are two existing timber groins and three (1979) stone

groins that can be used for extensions. Five new stone groins will
be needed.

4 extension groins @ $61,100.00 ea. = $305,550.00

5 new stone groins @ $156,301.00 ea. = $781,505.00

Total for Groin Construction........covevvvennnnn. $1,087,005.00
Sand Fill - 10 groin pockets = 201,200 yd3
x $6.00/yd3 = $1,207,200.00
TOTAL COST 4TH YEAR. v vttt ittt eer e inneiannnnnns $2,294,205.00
-29-



5th Year Cost

7 groins from north of 130th Street to the Mary]andee]aware line.
A1l groins are new stone groins.
7 new stqne groins @ $156,301.00 ea. = $1,094,107.00
Sand Fill - 7 groins pockets = 140,840 yd3
X $6.00/yd3 = §_ 845,040.00
* TOTAL COST 5th YEAR . . . . . . . $1,939,147.00

Total Cost

Total costs for 47 groins and sand fill over five year period.

Groin Construction . . . . . . v . . . . .. §5,061,324. 00
Sand Fill o v v v o e e e e e . . . . $5,553,120.00

GRAND TOTAL . . . . . . . . . .+ . . .$10,614,444.00
(2) Maintenance cost:
It is estimated that after the groins are initially filled, approximately
75,000 yd3 would be required on an ahnua] basis to maintain the beach
.width achieved. Thus, for planning purposes, annual maintenance costs

are estimated to be 75,000 yd3 x $6.00 = $450,000.
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Economic Benefits

It is clear that the tangible economic value of Ocean City beach
is rather significant, because it can be directly related to the
employment, income, and tak revenue generated by the tourist industry.
Not oh]y does the beach protect the huge capital investment in constrqction
from being destroyed by wave attack; it is also one of the prime features
which attracts tourists to Ocean City.

One way to gauge the economic benefit of hrotecting Ocean City
beach is to look at the value of tourism at Ocean City during the
last fiscal year, between July 1978 and June 1979. A recent report

from Maryland Department of Economic and Community Development

(Davis, P. S. and Fahle, V. L. January 4, 1980. Economic Rationale for

Preservation of the Ocean City Beaches) states the following:

"The tangible or quantifiable economic benefits
derived from the existence of the Oceén City beaches result
the expenditures of tourists, which in turn generate
employment and income for'Marylanders and tax revenue for the
State and local governménts. Tourism is the major industry
in Ocean City and visitors and conventioneers come from
Maryland and all bver the country to spend their dollars in
hotels, motels, restaurants, gas stations, amusement parks,
grocery and 1iquér stores, apparel shops and other.
establishments. According to Ocean City sources, more than.
95 percent of the travelers to Ocean City are composed of

tourists or visitors, who stay only a couple of days, with
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These cstimates of tourist expenditures in Occén City
have been developed from spending profiles of tourists adapted
from an Arthur D. Little (ADL) study of tourism in Maryland and
‘estimates of the numbers of tourists and delegates visiting
Ocean City provided by the Ocean City Convention and Visitors
Bureau.* These estimates of expenditures though differ from
others which could have been cited, in particular those for total
sales. In fact, estimates of total sales in Ocean City were
found to be several millions of dollars lower than the above
estimates for expenditures. The primary reason for this
difference is that a large proportion of expenditures is not
-subject to sales taxes. |
The estimated total impact of these tourist expenditures on the

income, employment and tax revenue of Ocean City, Worcester
County and surrounding local counties is i]]ustratedAin Table 2.
These impacts were derived by multiplying the estimated expenditures
in Table 1 by the total impact vectors from the previously cited
ADL study of tourism in Maryland. "Total impact" refers not
only to the income, employment and tax fevenue generated
directly, but also to that generated indirectly by such
expenditures. In short, total impact includes: (1) the
employment, income and revenue generated by tourist and delegate

expenditures on lodgings and other services, (2) the

I Sa O SN TN e 8m .S .
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*Arthur D. Little, "Tourism in Maryland: Analysis and Recommendations,”
for the Maryland Department of Economic and Community Development, Annapolis,
Maryland: October 1972 and Gary C. Fischer, Executive Director of the
Ocean City Convention and Visitors Bureau.
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the remaining percentage composed of delegates to conventions,
who stay roughly four days. Based on nationa] expenditure
surveys undertaken by the U.S. Travel Data Center and the
International Association of Convention Bureaus, once the
expenditures associated with travel to and from the point of
destination are excluded, tourists and/or delegates spend
approximately one third of their money on lodgings, another
third on food and beverages and the final third on entertainment
and other goods and services.

The estimated expenditures by visitors and delegates to
Ocean City iﬁ 1978/79 are shown in Table 1. Between July
1978 and June 1979 roughly $170 million was spent by visitors
and conventioneers in the city. Approximately 30 percent was
spent on lodgings, 36 percent on food and beverages, 16 percent
on entertainment and 18 percent on other goods and services.

TABLE 1

ESTIMATED TOURIST EXPENDITURES IN
Ocean City, 1978/79

Expenditure Category Value ($ million) Percent
Lodgings 51.0 30.0
Restaurants and

Liquor Stores 42,2 25.0
Food Stores 18.3 11.0
Gas Stations and

Repair Services 11.9 7.0
Miscellaneous Retail

Stores 12.3 7.0
Personal and Business

Services 7.1 4.0
Amusements and

Recreation 27.2 16.0

TOTAL 170.0 100.0
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expenditures by the hote]s, restaurants and other establishments

on other goods and services and (3) all other subsequent respending.

Technically, "local counties" refers to the three county area on
the Lower Eastern Shore, which includes Worcester, Wicomico

and Somerset Counties. However, all of the direct expenditures
occur in Ocean City, and therefore, virtually all of the total
impact is in Worcester County especially in the vicinity of

Ocean City. On the other hand, the specific recipients of income
payments arising from tourist expenditures in Ocean City may not
be residents of the city. Thus, to the extent that employees,
'employers and property owners do not reside in Ocean City such
economic benefits will accrue to persons living in other parts

of Marylahd or elsewhere. It was not possible though to

estimate that proportion of the benefits, especially income,
which accrues to non-residents of Ocean City because the necessary
data were unavailable."

TABLE 2

ESTIMATED TOTAL IMPACTS OF TOURIST
EXPENDITURES IN OCEAN CITY, 1978/79

Type 6f Impact i Value or Number
Local Employment 9,390 persons
Local Income $54.7 million
Local Sales ' $248.5 million
Local Tax Revenue $13.7 million
Local and State

- Tax Revenue $15.0 million

Unfortunately, detailed analysis of the economic benefits to be

~

- .
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derived from mainta{ning the beach for an "interim period" are not
available for inclusion in this report. It would be possible, for

example, to synthesize the following parameters for selected intervals
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of beachfront in order to estimate direct economic benefits from the
proposed project:  rate of beach loss, width of existing beach, value
of structures presently protected by existing beach, number of bathers
the existing beach supports, number of bathers the eroded beach would
support.

Who Pays? Who Benefits?

Having established that the use of public funds to protect the
Ocean City beaches appears to be an acceétable public undertaking, both
in principle and in fact, a secondary issue which remains to be settled
is the determination of whose tax money will be used to preserve the
beaches.

Public taxation theory suggests that when the beneficiary of a
public expenditure can be identified, the preferred.policy is_to_tax the
beneficiary. This principle is widely used in funding a variety of
public projects. For example, the Highway Trust Fund and State revenues
used for highway construction comes largely from the gasoline tax, which
is paid principally by highway users. Most directly, sewer and water
systems and some road construction in subdivisions is paid in part out
of assessments on the property owners, who are the immediate beneficiaries
of the public expenditures of such construction. Generally, however, the
individual property owners do not bear the entire costs because the
benefits received from most publ;c projects entend to many persons in

addition to the individual property owners.
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Applying this benefit principle, there are several groups among which
the costs of preserving the Ocean City beaches could be distributed.
First, there are the owners of property and businesses in Ocean City,
who would directly benefit from the project. Second, to the extent that
the tourist attractions in Ocean City provide the basis for Worcester
County's economy, the gntire,County would be a beneficiary of the
proposed project. Third, the aVailability of the recreational assets at
Ocean Cié;uﬁrovides substantial benefits either directly or indirectly to
the majority of Maryland residents. Finally, many tourists and delegates
from throughoﬁt the country benefit from the existence of the beaches.

" The costs of preserving the beaches at Ocean City could be
apportioned among these several groups of bengficiaries by designating the
boundaries of the Beach Erosion Control District to be the same for
applying the Shore Erosion Control District Act. This solution would
seem, in many.wafs; to be the most equitable means of paying for the
project, and it would defuse bbjections to the project as ome in "which

public funds are used to enhance private interests.'
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Favironmental (Ecologic and Socio-economic) Setting Without the Action

A.

Sediment Movements and Historical Changes (The following description

is taken largely from the Trident Report "Preliminary Report --
Interim Beach Mainténance at Ocean City," which is included in
Appendix B.).

(l) Sediment movements and quantities:

For the purpose of this report, sediments are considered to be
the sand size particles in the shore environment. These sediments
range from about 0.0l mm up to several.millimeters in size,

There are finer sediments present, particularly in the bays behind
Fenwick and Assateague Islands, but these finer sediments play an
insignificant role in stabilizing the shore face. The median grain
size of the sand composing the beaches in the Ocean City area is
about 0.4 to 0.5 mm.

Sand is moved along the shore face by the waves and currents
in the beach zone. The primary force moving the sediments is the
wind-generated ocean waves which strike the shore face.

Two distinct sand movements result from the wave action.

Most of the waves striking the beach face arrive at an angle
to the shore. These waves generate a slow-moving current along the
shore and also stir up the sand from the bottom. The sand stirred
from the bottom and temporarily placed in suspension by the waves
is then moved along the shore with the alongshore currents
generated by these same waves. This results in a2 mass movement of
sand along the shore face. This sand movement is referred to as
the "alongshore drift", or the 'littoral drift". A reversal in the

wave direction with reference to the shore will result in a

-37-



reversal of the diredtién of the alongshore sand drift.

The quéntity of this alongshore dfift varies greatly around the
United States shores, being less than 100,000 cu. yds. per year
on much of the Great Lakes shores and well over 1,000,000 cu. yds.
per year on much of the Pacific Coast.

Waves can be thought of as short waves or long waves. Short
waves are those generated by winds of a local storm. A local
observer can both see the wave and feel the winds generating
the waves. These short waves (or local storm waves) tend to pull
the sand off of the upper sections of the beach and carry iﬁ
seaward where it is deposited in off-shore bars. Conversely,
waves from distant storms reach the shore as long waves (or_swells).
These long waves tend to remove the material from the off-shore
bars and bring it back to the beach face to create a wider beach
berﬁ. Most of our ocean beaches go through intermittent cycles of
erosion and accretion in consonance with the succession of storm
and non-storﬁ occurrences on the shore. A winter storm will
usually erode our Atlantic Coast beaches while the quieter periods
between storms will usually witness some recovery of the beach width.

From the above description, it is seen that thé sand on the
beach face is constantly in motion, both in the férm of ;longshore
drift and off-shore/on-shore movement. Mathematical equations are
available relating the rate of alongshore drift to wave height and,
to a lesser extent, for estimating the rate of erosion of the
shore face during the storms. These mathematical relations are,
however, not yef perfected, and the more reliable estimates are

based on field observations in the locality or on hydraulic model
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test results, provided the tests are made at a sufficieqtly large
model scale,
(2) Sediment Movement pPatterns:

The wave action in the North Atlantic area is predominately out
of the northeast quadrant. Thus the expectation would be that the
beach sand along the Atlantic shore would be moved from north to
south. This is true in most sections of the Atlﬁntic shore; howeVer,
local shoals and tidal currents associated with the mouths of
large estuaries can reverse this pattern in some areas. Thus, the
Delaware coast from Cape Henlopen south to about South Bethany
Beach shows a dominant littoral driff to the north due to the tidal
currents and shoals at the mouth of Delaware Bay. A similar
situation is found at Virginia Beach, Virginia, where the shoals
and tidal currents at the mouth of the Cﬂesapeake Bay cause a
northerly drift. However, aloné the present study area from the
Maryland-Delaware border to the Maryland-Virginia border and
beyond, the dominant direction of littoral drift is to the south.

From the above description, it is seen that the beach face
between Delaware Bay and Ocean City Inlet is losing sand in both
directions: north to Cape Henlopen and south to>0cean City Inlet.
With no sand acting to replace these losses, the shore face can be
expected to erode as a continuing action. The loss south toward
Ocean City Inlet is estimated from field measuremeﬁts of sand
accumulations behind the north jetty and in the shoal areas
associated with the Inlet to be in the order of 150,000 to 200,000
cu, yd. per yvear. A figure of about 150,000 éu. &d. per year seems

to be the most acceptable figure and can be used with some
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confidence as the measurements of the sand accumulation behind the
north jetty at Ocean City are fairly accurate.

Some additional losses occur from wind blowing the sand
westerly off the beach face (known as "deflation") and from sand
transported seaward to such depths during very violent storms
. that it is more or less permanently lost from the shore face.
Thus, we find that the beach area from about Soqth Bethany
southerly to Ocean City Inlet is losing material in three ways:

o

South to the Inlet and beyond;

West by wind deflation; and
® East to deep water by storm waves.

The loss to the south has been evaluated fairly‘accurately and
is considered to be the most significant loss. The loss to the
west bybwind action is small. The loss to deeper water (seaward
of the - 30 foot contour) by storm waves may be of some
significance.

It should be recognized that at times waves from the southeast
quadrant move the sand northward along the shore. However, the
wave energy from the northeast quadrant is significantly greater
than that from the southeast, resulting in a net drift of beach
sand to the south. The gross rates are believed to be aout
450,000 cu. yd. per year northerly against 600,000 cu. yd. per
year southerly,‘giving a net drift of 150,000 cu. yd. per year to
the south.

(3) Historical records:
As pointed out above, the beach face betweeq South Bethany

and Ocean City Inlet is supplying about 150,000 cu. yd. per year
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ofvmaterial to the Inlet area and the shores of_Assateague Island.
Before the opening of Ocean City Inlet in 1933, this 150,000 cu. yd.
per year moved directly onto Assateague Island and helped to sustain
that Island from erosion. Since 1933, however, most of this
150,000 cu. yd. per year has been deposited in the shoals inside
and outside of the throat of the Inlet.

This 150,000 cu. yd. per year movement to the south has, no
doubt, been in effect since historical times and probably for
many centuries before. Thus a more or less continuous retreat of
the shore face could be expected. That this is the case is shown
by the historical records of the position of the shoreline over
the past century. The qldest reliable survey was made in 1849
by the U. S. Coasf and Geodedic Survey (the C.&G.S.) and depicts
the locatioﬁ of the high water shoreline and certain off-shore
contours. Several later surveys are also available, notably the
C.&G.S. of 1929, four years before the opening of Ocean City Inlet.
This 1929 survey serves well as a base for determining.the‘;ffects
of the Inlet and the Inlet jetties on the adjacent shorelines.

The C.&G.S. surveys of 1947 and 1965 enable the progressive
changes in the shore area to be determined.

In addition to the C.&G.S. surveys, there are a number of
aerial photographs and several sets of beach cross—sectioné
(profiles across the shore face) which have been taken.

These records are also very useful in delineating the changes in
the shore zone.

a. Changes in the Shoreline

The successive locations of the high water shoreline (the
mean high water shoreline) provide a very good index of the
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magnitude and type of changes (erosion or accretion) taking

place along the shore. The mean high water elevation is 3.5 feet
ahove mean low water datum plane at Ocean City. The changes in

the Ocean City shore face have been examined by comparing the
C.&G.S. surveys of 1850, 1929, and 1965. The profile comparison
plots made by the Baltimore District of the Corps of Engineers

were used in making these numerical comparisons. The results of
this examination are given in Table 3. TFor the purpose of the
analysis, the table has been subdivided into nine one-mile sections,
with section 1 being the final'mile north of the inlet; and section 9,
the mile adjacent to the Maryland-Delaware line. Section 1 is_so
completely dominated by the impounding effect of the north jetty
that its changes have been listed separately in Table 3 and not
included in the average of the other eight sections.

b. Changes 1850-1965

These changes are indicated by the shoreward movement of the
mean high water (MHW) lines. Sections 2 through 9 retreated an
average of 246 feet toward the shore during this.115-year period
with the average retreat being 2.1 feet per year. The mile section
showing the maximum retreat was Section 3 (about 25th Street to
37th Street) which retreated 430 feet during the 115 years for an
average retreat of 3.7 feet per year. The mile section showing
the minimum retreat was Section 7 which retreated a net of 75 feet
during the 115 years, for an average of 0.7 feet per year.

This section is in the area of 114th Street to 127th Street.

c. Changes 1929-1965

These changes are more indicative of present tendencies as
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TABLE 3 R

2 circled figures represent accretion.

aE O . SR - s, S

2
. SHOREWARD EEBAF& mm o% VIOUR POSITION  105S OF SAND IN CU. YDS. 2 IOSSES SEAWARD 2
mm o] , ee BEIWEEN MWH AND ~20 FOOT CONTOURS | OF -20 FOOT OONTOUR
m 2 1929 vs. 1965 1849 |Avg. per Year . 1929-1965 : ‘
8 g8 e to 11849 [ 1929 -
/o~ . =10 ~20 |1965 | to | to [[MHW to -10 | -10 to -20 |MEW to -20 | APproximate Total
-MHW | Contour | Contour | MHW |1965 | 1965 Contour Contour Contour - 1929-1965
Mile 9| 37-34 52 220 1292 248 | 2.2 | 1.4 440,000 385,000 825,000 1,486,000 yd?
Mile 8] 33-31 83 227 391 217 | 1.9 | 2.3 480,000 463,000 943,000 1,173,000 yd3
Mile 7{ 30-27 130 297 322 75 | 0.7 | 3.6 558,000 751,000 | 1,309,000 1,267,000 yd3
Mile 6| 26-23 107 307 542 140 |1.2 | 3.0 751,000 787,000 | 1,538,000 1,971,000 yd3
Mile 5| 22-19 115 280 125 215 | 1.9 | 3.2 702,000 | 771,000 |1,473,000 485,000 yd3 _
- ™
Mile 4| 18-15 48 280 320 330 | 2.9 | 1.3 466,000 596,000 | 1,062,000 602,000 yd3 5
Mile 3 wauwwu 70 157 457 430 | 3.7 | 1.0 485,000 418,000 903,000 1,228,000 yd?
Mile 2| 9-6 @ 68 315 | 315 |2.7 6 11,000 | 207,000 | 218,000 1,447,000 yd?
Contour Average 2 350 2 0 3 3,894,000 | 4,378,000 | 8,271,000 .
Change and § 6 52 6 120 124 |, 944,000 4,378,000 | 9,322,000 9,659,000 yd
Average per _ 108,200 121,600 229,800
2.4 7.0 9.7 2.0 | 2.0 |2.4 00 ya3
Year 137,400| 121,600°| 259,0003 268,000 y&/yx
Mile 1| 5-1 g G @ 613,000 470,000 |, 083,000 2,722,000 yd
T PP |crlce|en| o
e @ 9 @ ‘ . @ 17,027 30,083 75,600 yd
" Footaoctes: t Mile 2 is not included in average contour position but is included in quantity averages.
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this 36-year period begins only four years before the opening of

the inlet. Comparisons of these two surveys have been made in
two ways:
® By the comparisons of the shifts in the MHW, the -10 foot,
and the -20 foot contours, and
By the quantita;ive changes in the amount of sand
between the MHW, the -10 foot, and the -20 foot contours.
As might be expected, these comparisons show a great advance
seaward of the contours in section 1, as well as a large
accumulation of sand. These effects are, of course, due to the

north jetty being built in the 1930°'s.

d. Contour Shifts 1929-1965

The survey comparisons (see Table 3) show the following
contour shifts for the seven miles of sections 3 through 9. All

figures represent a landward shift of the contours.

Over the A Average

36-Year Period per Year

MHW contour ) 86 feet 2.4 feet
-10 foot contour 252 feet 7.0 feet
=20 foot contour 350 feet 9.7 feet

The figures in the above tabulation show that the entire
shore face of sections 2 through 9 is shifting shoreward. At the
mean high water line (MHW), this shift averaged about 2.4 feet
per year for the 36-year period. The comparablé figure-for the
115-year period (1850-1965) is 2.0 feet per year, indicating
that the MHW contour has moved shoreward at a fairly uniform

rate over the past 115 years. Due to the north jetty, section 1
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has: of course, shown a seaward movement of the contours during this
period as has section 2 to a lesser extent.

The shoreward movement of the ~10 foot and ~20 foot contours
over the past 36 years have been much greater than that of the MHW
contour. 'This,_of course, means that deeper water is moving close
to the shore and that the shore face is steepening between the -20
foot and MHW contours. This deepening, in turn, permits higher waves
to move closer inshore and thereby subject the beach area around the
MHW contour to attack by higher waves. These higher waves could,
of course, be expected to tend to increase the rate of erosion of the
shore face.

e. Quantity Changes 1929-1965

The effect of the shoreward shifts of the MHW, =10 foot, and
-20 foot contours on the quantity of sand in the near-shore zone is
also of interest. Table 3 shows that the following quantities of
sand have been lost from the eight miles of section 2 through 9

as follows:

1929-1965 Average

Sections 2 through 9 " Time Pgriod per Year

Between MHW and -10 foot contour 3,894,000 yd3 108,200 yd3
Between -10 ft and -20 ft contour 4,378,000 yd> 121,600 yd>
Between MHW and =20 foot contour 8,272,000 yd3 229,800 ya>

Note: The above computations were made with the 1965 positions
of the contours as the basis of the measurements.

The one mile of section 1 was accreting during this period,

accretion between the MHW and -20 foot contour being 1,083,000 yd3

for the 36-year period or an average of 30,100 yd3/yr. Actually,

most of the 1,083,000 yd3 total accreted during the first few years
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after the construction of the north jetty in 1934.

The 8,272,000 yd3 Tost from the eight miles of sections 2
through 9 is an average loss of 196 yd3 per foot of shorefront
‘over the 36-year period, 1929-1965. On a yearly basis, these
figures represent a loss of 229,800 yd3.per year overall.
Actually, the loss from the near-shore area during the 1929-l
1965 period was greater than the 8,272,000 yd> (229,800 ydS/yr)
presented above as these figures could be computed accurately
only to the 1965 location of the -20 foot contour. The survey
profiles received from the Baltimore District Corps of Engineers
show losses seaward of the -20 foot contour. However, as the
1929 and 1965 profiles did not always close seaward of the -20
foot contour, it was not possible to make an accurate computation
of these further losses. Comparisons that were possib]é indicated,
however, that the 36-year losses seaward of the pfesent -20 foot
contour out to the -30 foot contour totaled about 9,660,000 yd3,
or 6.4 yd3/year per foot of shore. This is of thé same order as
the loss (8,272,000 yd ) measured between the MHW and -20 foot
contour over this same 36-year period interval. Thus the total
Toss over the eight miles frontage would appear to be 17,932,000
yd3 betweenbthe MHW and the -30 foot contour.

f. The March 1962 Storm

The northeastern storm of March 6-8, 1962 resulted in severe
damage to the shore between Montauk Point on Long Is]and and
Virginia Beach, Virginia. Emergency shore protection, funded
by the Federal Government, was undertaken after this storm and

Ocean City was included in the project. The Ocean City area
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included was the northerly eight miles, extending from the Maryland-
Delaware line to within about one mile of the inlet. The emergency
measures undertaken involved the placement of a sand dike along the
beach. The quantity of sand placed in the eight mile dike at

Ocean City was 1,050,000 yd3 according to the records of the
Baltimore District. This would be an average of 24.8 yd3 per foot
of shore. This sand was dredged from deposits in Assawoman,

Isle of Wight, and Sinepuxent Bays and had a medium grain size of

from 0.18 mm to 0.35, depending on the source. This sand was not a

good match with the 0.4 mm sand characteristic‘of the Ocean City
shore and, therefore, probably eroded more easily than would the
coarser sand., The dredged sand was, however, the only practicable
source for the emergency. This 1,050,000 yd3 placed on the shore
should be added to the quantity eroded which would actually result
in a loss of 1,050,000 yd3 greater than the erosion figure of
8,272,000 yd3 quoted above for the area between the MHW and ~20
foot contours. This revised total would then be 9,322,000 yd3 or
258,900 yd3 per year, or 6.1 yd3 per year per linear foot of
shorefront. These figures do not include the losses between the
-20 foot and =30 foot contours. These losses increase the figure
to 12.5 yd3/year per foot of shore.

g. Section 1

The accumulation in section 1 between the -20 foot contour
and -30 foot contour was about 2,722,000 yd3 over the same 36-year
period, 1929-1965, or roughly about 2.5 times the amount
accumulated (1,083,000) between the MHW and the -20 foot contour

during this same‘interval. In addition to the above quantities,
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a total of 1,008,000 yd3 accumulated in section 1 between the MHW
contour and the boardwalk in this 36-year period. Thus we find
that in section 1 (the mile of shore front north of the north jetty)
a total of 2,722,000 yd3 plus 1,083,000 yd3 plus 1,008,000 yd>, or
4,813,000 cu. yd. total, had accumulated in section 1 between the
boardwalk and the -30 foot contour in the 36-year study interval.
This is a total of 4,813,000.yd3 accretion in this one-mile section
or an average of 133,694 yd3 per year. It should be noted that this
4,813,000 yd3 accretion includes part of the material forming the
outer bar at the Inlet. It also includes any material pumped onto
this section during dredging operations in the Inlet. (The Baltimore
District dredging records indicate that some 40,000 yd3 were added
to the section in this fashion.)
Average gain per year (1929-1965) MHW to -20 feet
Average gains for this mile......30,000 yd? éer year
Average gain per foot....eeeveese 5.7 yd3 per year
ﬁote: The gains per yearover this southerly one-mile
section are probably not realistic as most of the
gains probably took place over the first few years

of the 36-year period until the impoundment
capacity of the north jetty had been reached.

h. Sections 2 through 9

The loss of 9,322,000 yd3 inside the -20 foot contour between
sections 2 through 9 (259,000 yd3/yr) has, of course, resulted in
deeper water moving closer inshore which, in turn, has permitted
more wave energy to reach the beach face. This increase in wave
energy has resulted in an erosion of the beach face; thus,
resulting in the action causing the difficulty on the 0ceaﬁ City

shore front.
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Stated another way, the deepening of the off-shore contours
results in the waves trying to reestablish the former normal profile
of the beach. The waves can do this only by eroding sand off of the
beach face and using this sand to fill the off-shore area, thereby
restoring the normal beach profile. Either way, the profiles of
the northerly eight miles are shifting shoreward (or are tgnding to
shift shoreward).

(4) Summary of ﬁolume,éhanges:

The data presented show that there was a massive loss of sand
from the near-shore area over the 36-year period, 1929-1965.

The losses for the northerly eight miles (sections 2 through 9) can

be summarized as follows:

1929-1965 Time Period

'° 36-Year Loss Between MHW and -20 Foot Contour
Total loss for 36-year period............9,322,000 yd3
Average loss per mile of shore..%v.......1,165,000 yd3

Average loss per foot of shore........... 220 yd3

° Average Losses per Year Over the 36-Year Period
Average loss per year of entire 8 miles...259,000 yd3/yr
3
Average loss per mile of shore............ 32,400 yd /yr

Average loss per foot of shore......eve... 6.1 yd3/yr

For the southerly one mile section north of the north jetty,
there has, of course, been accretion. The figures for this
one mile of shore are:

° Gain Between MHW and -20 Foot Contour

Total gain over 36~year period.....eeeeseeee..1,083,000 yd3
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Average gain per mile of shore.......v00vv.....1,083,000 yd3
Average gain per foot of shore......... cesene . 205 yd3

Average gain per foot of shore per yr......... 5.7 yd3/yr

(5) Beach contour shifts:

The erosion of the shore face is the most noticeable fesult
of the loss of material from the shore. A study of the position
of the MHW contour in 1849 and 1929 shows that the Ocean City
shoreline has historically been undergoing erosion. As shown in
Table 3, the mean high water (MHW) contour shifted shoreward an
average of 2.3 feet per year for the 79-year period, 1850-1929.
The average rate for this séme frontage for the succeeding 36-year
period, 1929-1965, was 2.4 feet per year. For this latter figure,
only the northerly seven miles was used as the MHW contour over the
southerly two miles accreted during this period due to the presence

of the north jetty.

Thé erosion rate at the MHW contour was very constant over the
area for the 1ll6-year period, 1849-1965. These yearly rates give a
cumulative shift landward of the MHW contour of 184 feet over the
first 80 years aﬁd 86 feet over fhe succeeding 36 yvears for a total
of 270 feet for the entire 116 year period. The 86~foot retreat
over the past 36 years is the figure of greatest interest as it
reflects the erosion rate since the time of greatest growth of

Ocean City, starting about 1930.

The average shoreward retreats of the ~10 foot and -20 foot
contours over the 36-year period (1929-1965) were 252 feet and

350 feet respectively over the northerly seven miles. These figures

represent rates of 7.0 feet per year and 9.7 feet per year respectively.
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a. Shore Changes 1965-1979

The most comprehensive recent survey is the 1979 set of
profiles made by the Baltimore District of the Corps of Engineers.
Only 20 of the 36 profiles of the 1965 survey were.repeated in
the 1979 survey. However, these 20 profiles were spaced at
fairly regular intervals and enabled a comparison between
1965 and 1979 conditions to be made along the entire nine miles
of shére. The changes in volumes and in contour locations are

indicated in Table 4 and are discussed below.

b. Volume Changes 1965-1979

Reference to Table 4 shows that the sand continued to be lost
at a rapid rate at all depths between the MHW and the -20 foot
contour. Actually, losses were in evidence out to even greater
depths but quantities'could not be accurately calcutated due to
the lack of closure between the 1965 and 1979 surveys at thev
seaward ends of the profiles. The losses between the MHW and
the =20 foot contour are summarized below for the northerly

eight miles of shore.

1965-1979 Time Period

® 1l4-Year Loss Between MHW and -20 Foot Contour

Total loss for l4-year period.............4,660,000 yd3

3
Average loss per mile of shore............ 582,500 yd

Average loss per foot of shore............ 110.3 yd

° Average Loss per Year Over the l4-Year Period
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Average loss for entire northerly 8 miles.333,000 yd3/yr
Average loss per mile of shore.....vessu.. 41,600 yd3/yr

Average loss per foot of shore.....oev.e.. 7.9 yd3/yr

A comparison of the above quantities with the figures for
the 36-year interval, 1929-1965, shows them to be of the
same order .-~ the average overall loss per year being
259,000 yd3/yr over the former 36-year period compared to
333,000 yd3/yr for the fecent l4~year period. These reduce
to 6.1 yd3/ft of shore for the former 36-year period against

7.9 yd3/ft of shore for the recent l4-year period. .This indi-

cates that there has been some, though not a significant,

increase in erosion over the northerly eight miles for the later

period compared to the former period.

As in the previous survey interval, the southerly one mile
of shore against the north jetty showed a net accretion. In
the recent interval, 1965-1979, the accretion between the MHW
and -20 foot contours was 281,000 yd3 total, or 20,100 yd3/yr.
This rate of gain was considerably less than the 30,000 yd3/yr
gain registered in the preceding 36-year period; but this
could have been ekpected as the north jetty impoundment area

is more nearly filled as the years progress.

c. Contour Changes 1965-1979

The data shown in Table 4 shows that the MHW, -10 foot, and
-20 foot contours continued to move shoreward during the 1l4-

year interval, 1965-1979. This movement shoreward is summarized
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in the following tabulation for the northerly eight miles

(sections 2 through 9):

Over the 1965-79 1929-65

l4-Year Period Average  Average
1965-1979 per Year per year

MHW Contour 32 feet 2,3 feet 2.4 feet
-10 Foot Contour - 123 feet 8.8 feet- 7.0 feet
-20 Foot Contour 200 feet 14.3 feet 9.7 feet

This tabulation indicates that the rates of erosion are some-
what larger for the most recent 14 years than for the preceding

36 years though the rates are of the same order of magnitude.
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The Inlet Jetties

-The inlet jetties, particularly the north jetty, have had a

. very pronounced effect on the hydrography of the area. Insofar as

the Ocean City beach frontage is involved, the north jetty has created
a massive impoundment of sand which blankets the most southerly mile
of shore up to about 9th Street and to a lesser extent for another mile
north up:to about 22nd Street. Over the 3b-year interval, 1929-1965,
the mean high water Tine over the first mile advanced seaward an
average of 420 feet, and over the second mile, an average of 102
feet. Over this same 36b-year period interval, the off-shore area in
the first mile accumulated over 1,000,000 cu. yd. between the MHW and
the -20 foot contours. , |

The impoundment of material by the north jetty has, of course
benefited the Ocean City beach to the north of the jetty and has
also benefited the inlet navigation channel by preventing some of the
material from moving into the inlet. The north jetty has not, however,
impounded all of the southward hoving littoral drift, and much has moved
into the inlet. Once in the inlet, the tidal currents in the iﬁ]et have
tended to move the material seaward to form an outer bar, and landward
to form shoals in the bay area immediately behind the inlet. These
bars and shoals have, of course, necessitated the dredgfng of the inlet
navigation channel frém time-to-time. (The inlet opened by natural V
causes in 1933, and the north jetty was built in 1934 - the south
jetty in 1935. The north jetty presently has an elevation of +9.0
ft. MUW and the south jetty an elevation of +6.0 ft. MLW.) |

The inlet navigating channel is maintained by the U.S. Army

Corps of Engineers at a depth of about 10 feet MLW. As of 1971,
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the Baltimore District of the Corps reported that the maintenanee
dredging required was, on tﬁe average, about 63,000 cu. yd. per year
to maintain a 10-foot channel. The material from the dredging has been
placed in selected areas in Sinepuxent Bay and, to a lesser extent
(about 40,000 cu. yd.), on the beach front.north of the north jetty.
The shoal areas of the outer bar and in the bay areas behind contain
significant qqantities of the sand which was moved into the inlet by
the littoral drift of sand and then deposited in the bars and shoals
by the action of‘fhe tidal currents in the inlet.

Although the inlet has provided a valuable navigation feature to
the Ocean City area and provided a better exchange 6f the waters of
the ocean with the waters of the bays behind Fenwick and Assateague
Island, the inlet has had a disastrous effect on the northly three or
four miles of Assateague Island. The sand that moves southerly
along the Ocean City frontage moved directly onto Assateague Island before
the inlet opened in 1933. This sand - something in excess of 150,000
cu. yd. per yeari- was abie to sustain the northern end of Assateague
Island on essentially the same shore face alignment as Ocean City.
However, since the breakthrough of the inlet in 1933 and the construction
of the jetties in 1934-35, very 1ittle sand has been able to move
south past the inlet. This has resulted in a massive erosion of the
shore face of the northerly three or four miles of the island.
In fact, at a point on the shore two miles south of the inlet,
observations show that tHe beach face retreated about 800 feet
between the years 1943 and 1963, or at an average rate of 40 feet

per year. During the same 20-year period, the shore at a point
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seven miles south of the inlet - not yet influenced by the inlet -
retreated only about 150 feet, or an average of about 6.5 feet per
year . This massive retreat of the northerly three miles of the island
has almost resulted in the flanking by the tidal flow of the west end
(the shore end) of the south jetty and, in fact, permitted a large
breakthrough of this sector of the island during the March 1962
storm. This breakthrough, or breach, was filled in as part of
emergency work following the storm, and the'south jetty was extended
landward (to the west) by 700 feet in 1964 to lessen the chance of
flanking the landward end of the jetty. | |

Thus, it is seen that the northerly three or four miles of
Assateague Island have suffered severe erosion due to the inlet and
jetty complex. The island shores further south have not yet felt the
effect of the inlet as these shores to the south have, up to the present,
been fed by the sand eroded from the northerly three or four miles
of the island. It can be expected, however, that the erosive effect
will be felt further and further to the south as time goes on unless

some type of corrective measure is taken.
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C.

Nearshore Coastal Fauna and Flora

The major species of finfish, benthic invertebrates, and
phytoplankton which have been observed in the nearshore coastal
area are briefly discussed below.

(1) Coastal fauna:

Northern kingfish (Monticirrhus saxatilis) utilize the surf

zone as spawning and nursery habitat. They are usually found

within 10-15 feet of shoreline (Freeman,41975). Spawning commences

in June and continues until August (We1sh and Breder, 1923). Kingfish
have recreational and commercial importance.

American sand lance (Ammodytis americanus) is found in the surf

zone to offshore shoals. It occurs in dense concentrations around
sandy knolls or hills. Spawning occurs offshore during fall and
early winter where eggs stick fast to grains of sand. (Freeman,
1975, Bigelow and Schroeder, 1953). It is an important forage .
fish for cod, hake, whiting, bluefish, and striped bass.

Windowpane, (Scophthalmus aguosus) is found in the surf zone

throughout the year. It spawns in the surf zone dufing spring and
summer months (Bigelow and Schroeder, 1953).

Mullet (Mugil sp.) migrate up and down the coast within 20 feet
of the shoreline. They are an extremely important forage fish for
bluefish and striped bass (Freeman, 1975). Recent sampling by the
U.S. Fish and Wildlife Service (April, 1977) revealed mullet fry
within the surf zone. |

Atlantic menhaden (Brerortia tyrannus) are oceanic spawners.

Larvae migrate to estuaries after hatching and return to the ocean in
late summer and early fall (URI, 1973). Adults and sub-adults migrate

northward in spring and summer, and southward in the fall (URI, 1973).
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Spawning takes place mid-March until the last week of May (Dovel, 1971).
Dredging may interfere with migration and also entrain eggs and larvae.

Scup (Stenotomus chrysops) inhabits inshore waters off Ocean City

from April to October. They winter in deep water closer to the continental
shelf and spawn inshore in early summer. They have sport and commercial
value (URI, 1973).

Summer flounder (Paralichthys dentatus) inhabits the shallow waters

of bays, sounds, and open coasts in the project area during warm months
and offshore depths of 30-100 fathoms during the winter (URI, 1973).
Spawning occurs from September through November (URI, 1973) in deep
ocean waters (Hildebrand and Schroeder, 1928). Eggs and larvae drift
with currents southward and toward shore during this period. The
inshore fishery is primarily for sport although there is some commercial

trapping and seining (URL, 1973).

Bluefish (Pomatomus saltafrix) Jjuveniles and adults are common
along the coast and withiﬁ coastal estuaries during warmer months.
Larval bluefish are most common in waters near the outer continental
shelf (URI, 1973). It appears that bluefish spawn offshore in deep
water in early summer (Bigelow and Schroeder, 1953). Currents transport
the larvae toward the coast. Bluefish are a valuable sport and commercial
fish.

Weakfish (Cynoscion regalis) prefer shallow waters along open

sandy shores and lower bays and estuaries (URI, 1973). Weakfish appear

to spawn from May to October with peak activity May to June. Spawning
takes place in larger bays and possibly the ocean (Welsh and Breder, 1923).
Weakfish are important as a commercial and sport fishery.

Surf clam (Spisula soiidissima) is known to inhabit the nearshore

area off Ocean City. InFormation regarding densities at the two proposed
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ocean borrow areas can be provided by NMFS. Surf clams become
inactive in the laboratory at 4 degrees centigrade (URI, 1973).

Ropes, Chamberlin and Merrill (1969) have reported two spawnings per
year for three successive years off the New Jersey coast; a major

one from July-August and a_minor one in mid-October to November.

They reach commercial size (5 inches) in 5 to 6 years. Surf clams are
very important commercially.

Bay scallop (Aequipecten irradiens concentrious), is commonly

found in shallow eel grass beds of estuaries but is occasionally

found in water as deep as 60 feet (Belding, 1910; Gutsell, 1931).

It appears that the subspecies occurring offshore of Ocean:CTty
spawns in the fall (Sastry, 1970). Larvae are p]ankfonic for 10

days (Sastry, 1965). They reproduce once in 12 months and die at

18-24 months. It is unknown whether the scallop becomes dormant during
colder winter months.

Rock crabs (Cancer irrorafus) have been reported by Leber and

Lippson (in Natural Resources Institute, 1970) at Chincoteague Inlet
and Ocean City Inlet. It is found from low water to depths of 1800
ft. (Williams, 1965). Spawning oceurs from May to early June

(URI, 1973).

“Other cruétaceans Tikely to occur in Ocean City Inlet or along

the nearshore beach are spider crab (Libinia emarginata), blue crab
(Callinectes sapidus), lady crab (Ovalipes ocellafus), ghost crab
(Ocypode quadrata), hermit crabs (pagurus 1ong1cargus and P. pollicaris),

mole crab (Emerita talpoida).

Nearshore coastal flora:

Quantitative phytoplankton studies for the nearshore area appear

to be lacking (URI, 1973). Sampling of waters east of the entrance
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to Chesapéake Bay indicates diatoms dominate in autumn and
dinoflagellates of the genus Ceratium dominate during the spring

and summer (Mulford, 1963; Mulford and Norcross, 1971). Important

diatoms include Chaetoceros, Rhizosolenia, and Skeletonema costatam.
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D. The Back Bays

Maryland's coastal bays occupy a total area of approximately

110 square miles with significantly varying degrees of circulation
and water exchange. The warm, shallow waters (averaging less than
1.22m. in depth) are ideal as a spawning, nursery and forage area
for numerous marine organisms. To date, over 215 such organisms
have been identified. Survey results of the State of Maryland
Marine Finfish project indicate that approximately 82% of all game
fish encountered here are young-of-year. |

Both commercial and recreational fishing activities have
increased significantly in the past 10 years. Recreational fishing
(bays and ocean) is up rough1y 23%. In six years (1973 - 1978),
commercial landings (bays and.océan) at Ocean City increased from
15% of total Maryland landings to 30.2%. Landed value was up from
11% of total Maryland landings to 25.5% (NMFS, catch statistics).

Isle of Wight and Assawoman Bays are located in the northeastern
section of Worcester County, Maryland. These bays are interconnected
and receive fresh water from the St. Martins River, Greys Creek,
Roy Creek and‘to a lesser extent from Delaware via Little Assawoman
Bay. The contributing watershed totals no more than 140 square miles.

Bay bottom materials consist primarily of sand on the eastern
(Fenwick Island) side, gradually grading to mud on the western |
(mainland) side.

Marshes on both eastern and western sides of the bay are Type 18
(Shaw-Fredine), or regularly flooded salt marshes. This is the most
productive of the sa]f marsh types, yielding vital nutrients and

food sources to marine life of the bays.
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‘The coastal bays of Worcester County contain approximately
92% of the total Type 18 salt marsh in Maryland.

Between 1971 and 1978, the Marine Finfish project identified
49 species of benthic invertebrates (see Fig.10) inhabiting the
eastern half of Isle of Wight and Assawoman Bays. The bottom here
is primarily sand.

E. The Qcean City Tourist Industry

‘The value of the industry and its relationship to Ocean City
beach is described above in section II.F., "Economic¢ benefits)
pp. 31-35. Briefly stated the estimated total value of the Ocean City
-tourist industry during the period from July 1978 through June 1979
was $70 million. Tourists attracted by the beach and other |
recreational facilities spent a total of 2,870,000 man-days in

Ocean City during the 1978-1979 season.,
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Benthic Invertebrates Identified From the Eastern Half of .

Isle of Wight ard Assawoman Bays, Worcester County, Maryland

1971 - 1978

~ + SPONGE

Cliona celata

II. COELENTERATES

Ceriantheopsis americanus
Haloclava producta
Diadumene sp.

L]

ITI. WORMS

Glycera sp.
Cerebratulus sp.
Stylochus sp.
Malacobdella grossa
Arenicola cristata
Diopatra cuprea
Melinna eristata
Pista sp.

Hydroides dianthus

ECHINODERMS

Asterias forbesi
Ophioderma brevispina
Arbacia punctulata

BRYOZOA

Membranipora sp.
Eucratea sp.

Anguinella sp.

Note: Identifications made by:
1. Smithsonian Institution
of Marine Studies
3. VIMS, Wachapreague, Va.

2. U.of Del. Coll.

4. NMFS, Oxford, Md.
5. Marine Finfish project

Figure 10
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VI. MOLLUSKS

Anadara transversa .
Noetia. ponderosa
Mytilus edulis
Modiolus demissus
Mercenaria mercenaria
Ensis directus

Gemma gemma

Donax sp.

Tellina sp.

Macoma sp.

Tagelus sp.

Mulinia lateralis
Crassostrea sp.
Crepidula sp.
Polinices sp.

Busycon canaliculatum

VII. CRUSTACEA

VIII.

Callinectes sapidus
Libinia spp.
Palaemenetes spp.
Crangon septemspinosa
Limnoria lignorum
Neopanope texana sayi
Ovalipes ocellatus
Cancer irroratus
Gammarus sp.

Pagurus sp.

Balanus sp.

Neomysis sp.

Penaeus aztecus

TUNICATES

Botryllus schlosseri



I1I. Adverse and Beneficial Environmental Effects

A. Effects From Construction and Maintenance of the Groins

(1) Beneficial effects:

- Recreational beach area would increase.

- The present level of storm protection would be maintained or
enhanced. For example, if the sand fillet was parallel to
the shore, an added protection of approximately a four-year
storm severity can be expected over existing conditions of the
shore front at the time the groins are installed and filled.
If the sand fil]et assumes a 6° orientation in the pocket

. (as described onpages 15-16 above), the wide end of the fillet
will provide added protection of approximate]y‘an eight-year
storm severity. In the middle of the pocket the added years
wbuld be about four. At the thin edge, no additional protection

.wou1d be prqvided.

- The groin system would be compatible with all alternatives
being seriously considered by the Corps of Engineers.

- The groin system could possibly have a beneficial effect upon
the inlet navigation channel because it would reduce the net
littoral drift of sand to the south by as much as 75,000 yd3
per year. A

- The groins could be used as platforms for recreational fishing.

-(2) ‘Adverse effects:

- Concern has been expressed that the construction of a system
of groins on QOcean City beach will reduce the ambunt of sand

" reaching the northern end of Assateaque Island, and thereforé
exacerbate the severe erosion problem which already exists fn

that area. However, the erosion problem on northern Assateague
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Isiand is due primarily to: (a) the navigation channel
through the inlet{presently maintained at a 10-foot depth)
which prevents the Tittoral drift of sand to the south from
reaching the northern tip of Assateague Island; and (b) the
south jetty which is not highenough to prevent sand from
moving north off Assateague Island into the inlet during
periods of time (primarily the summer season) when littoral
drift is to the north. Thus the use or nonuse of the qroin
system will have essentially no effect, pro or con, on
Assateague Island so long as the naQiqation channel is
maintained at a 10-foot depth or more, and the dredged sand
from the channel is placed somewhere other than on the north
end of the seaside beach of Assateague Island.

There will be concern by the State of Delaware as qroin
construction approaches the Maryland-Delaware line.
Reassurances can be provided by monitoring the effects of the
groins as they are built closer to the Delaware line. If
necessary, groin lengths can be tapered as the Delaware line
is approached. In addition, an agreement has been reached
between the Secretary of the Maryland Department of Natural
Resources and the Secretary of the Delaware Department of
Natural Resources and Environmental Control, whereby no
groins will be built within one mile of the Delaware line.
Some benthic organisms will be killed during groin construction,
and ofhers buried whi]e filling and maintaining the groin
pockets with sand. However, even under normal conditions
the ﬁurf zone is highly stressed, and the areas affected

by dredging, filling and construction are 1ikely to recover

rapidly from these petubations.
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0ffshore Borrow Area

1. Beneficial effects:

-Based upon a study by the Army Corps of Engineers to determine
the relative costs of obtaining 3 x 106 yd3 of borrow from 4
potential sites, it is apparent that the borrow area proposed
in this project is the most economical. |

The Ba]timore District of the Corps of Engineers contracted
with the University of Delaware - Marine Sediments Laboratory
to conduct a borrow material suitability analysis for the back‘
bays as well as ocean borrow areas. Based on data made available
from surface samples from the area of concern, the overfill
ratios and renourishment factors of the various borrow area
materials were computed. The overfill ratio is the estimated
number of cubic yards of fill material required to produce 1
cubic yard of beach material when the beach is in a condition
compatible with the native material. This ratio is used to
determine the quantity of initial bea¢hfi1],required to achieve
a given design beach cross section. To determine periodic
nourishment or maintenance requireménts for the design beach
cross section, the renourishment factor, which is the ratio of
the rate at which borrow material will erode to the rate at which
natural beach material will erode, is used.

The oceanic borrow areas consist of three distinct shoals
located off Fenwick Island. The back bay is described as the .
area from the Ocean City Inlet, north to the end of the Federal
channel in the Isle of Wight Bay, and extending from shore to

shore. The borrow areas are shown on Figure 2 , pg.11 .
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The overfill ratios and nourishment factors are as follows:

Borrow Area Overfill Ratio Renourishment Factor
Ocean Borrow I 1.0 0.8
Ocean Borrow 11 1.6 1.4
Ocean Borrow III 1.0 0.3
Back Bay Borrow 1.3 0.9

The overfill ratios do not include handling losses of material
incurred between dredging and placement.

From these data, it is evident that ocean borrow areas I and III
will require the least amount of overfill to_achiéve the design
cross-section and that periodic nourishment from ocean borrow area
III would be required less frequently than periodic nourishment
from the other borrow areas. Due to the generally finer and more
poorly suited grain size distribution of ocean borrow Il material
and the back bay borrow material, the resulting overfill ratios are
1.6 and 1.3. Using this material, initial beach fill quantities
required to achieve the design beach cross-section will have to be
increased by about 60 to 30 percent, respectivley, over the initial
beach fill quantity required from either ocean borrow area I or III.
Material from ocean borrow Il .is the Teast stable for periodic
nourishment. The stability of the back bay material for periodic
nourishment should be comparable to that of the material from
ocean borrow area 1.

Unit costs were developed for using each of the four borrow
afeas as the source of beachfill for a proposed project. For an
accurate economit analysis, the unitbcosts must be considered

along with the overfill ratios.
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This combined analysis is illustrated below.

Borrow Area Qverfill Ratio Unit Cost Relative Cost per CY
Ocean Borrow I 1.0 $4.35 - $4.35
Ocean Borrow II 1.6 $5.00 $8.00
Ocean Borrow III 1.0 $5.40 $5.40
Back Bay 1.3 $3.70 $4.81

This relative cost analysis shows that the most cost efféctive

method of beach nourishment would be to obtain the sand from ocean

borrow area I.
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2. Adverse effects:

-Living organisms at the borrow site will be affected adversely.
Some will be removed with the borrow material, others will suffer
from increased turbidity during the removal operation. However,
the site is subjected to high energy waves and currents which
scour bottom substrates and suspend sediment materials. Thus
the site is characterized by an unstable habitat of relatively
uniform, course-grained sediments with highly turbid overlying
water. This habitat is usually sparsely bopu]ated by animals
that are mobile, relatively wide-ranging, and agile. The
significance of these adverse impacts is therefore expected to
be relatively minor; and it is likely that the site will recover
rapidly.

-The shoal area does have an effect on the amount and
distribution of wave energy reaching a portion of the northern
shoreline of Assateague Island. Thus, changing the configuration
of the shoal may have some impact (poésib]y beneficial) on
Assateague Island. ‘Ample consideration must be given to what
portion of the shoal is to be removed for sandfill.

-The National Park Service is interested in keeping the shoal
as a source of sand for the northern end of Assateague Island
after the south jetty is raised. Thus some p]anning will be
necessary to apportion the sand in the shoal to the interim
measure proposed herein, the permanent measure being developed
by the Army Corps~qf Ehgineers, and the potential proposal to

renourish the northern end of Assateague Island.
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Measures Taken to Minimize Adverse Environmental Effects and

Maximize Beneficial Environmental Effects .

A. Construction and maintenance of groins:

- measures can be taken to grout in the tops of the groins to
provide access for fishermen.

- The threat of impact on Delaware beaches can be minimized
by measuring the response to groins buiit increasingly closer
to the Delaware line. If necessary the northernmost groins can
be tapered. In addition, it has been agreed between the

.Secretaries of the Maryland Department of Natura] Resources
and Delaware Department of Natural Resources and»Environmenta]
Control that nogroins will bé built within one mile of the
Maryland-Delaware Tline.

B. Borrow area:

- The effect of removing various portions of the offshore shoal
can be studied. It may be possible to improve the navigation
channel through the shoal. It may also be possible that removing
ﬁéftain portions of the shoal will decrease the wave energy
impacting more vuinerable areas along the Assateague Island
shore face.

Any Adverse Environmental Effects Which Cannot be Avoided Should

The Action Be Implemented

The project will resuit in an unavoidable loss of benthic
organisms at the borrow site, groin construction sites, and in the
groin pockets during the placement of sand-fill and annual maintenance
fill. It is expected that the areas impacted will recover rapidly

because these areas are normally highly stressed by wave action.
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VI.

Alternatives to the Proposed Action

A. No Action

No action would allow the present rate of erosion to persist until
the Army Corps of Engineers project is implemented. The protection
against storms provided by the existing beach will continue to
decrease; Recreational potential of the beach will decrease as the
width of the beach continues to decrease. The cost of any future Corps
project for beach maintenance and storm protection will be greater if
the beach is allowed to erode further. Thus the local share of-
funding for the Corps project will be proportionally greater.

B. Beach Restoration

For beach restoration by the sand fill or sand replenishment
method, it is assumed that an increase in berm width of 30 feet at
the +10 foot MLW elevation is needed and that sand placement on a
slope of 1 on 20 would be required seaward of that point. This
restoration corresponds almost exactly to the beach restoration
after the 1962 storm, and the fill itself could be expected to
provide protection against a storm with a recurrence level of about
one in ten years. No supplementary raising of the dunes behind the
+10 foot MLW berm is contemplated as most areas already have elevations
up to +13 feet MLW or more. This plan is in general agreement with,
but not as extensive as, the plans that may be recommended by the
Corps of Engineers. |

The plan envisioned above would require the placement of about
61.0 yd3 per foot of beach based on the 1979 beach profiles furnished

by the Corps of Engineers. This would involve the placement of
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2,577,000 yd3 over the northerly eight miles of the Ocean City
frontage.

It should be recognized that it is not posﬁib]e to predict
accurately the movement of this fill after placement. The considerable
deepening of the waters at the -10 foot MLW depth, which has taken
place over the past 50 years and appears to be continuing, might
result in a significant movement of the sand fill out into deeper
water. An alternative to this would be to test a segment of the
shore, and subject it to the sand fill method before proceeding with
a plan for the entire eight miles of shore.

. The added level of protection from the beach fill or sand
- replenishment wouid protect against a storm with recurrent intervals
of about ten years over the level of protection of the shore front
at the time this alternative was implemented; e.g., if it can be
assumed that the present shoreline is adequate to protect against a

storm with a recurrence of frequency of about ten years (a ten-year

storm), then the total protection with sand replenishment would provide

protection against a 20-year storm. (Note: It is not known what the
present level of protection is for the Ocean City shore front.
Determination of:this factor requires an extensive amount of on-site
survey work which is not documented in existing studies.)

_ The initial cost of this alternative, using the ﬁ]anning

figure of $6 per yd3, is approximately $15,462,000 (as compared to
$10,614,444 for the short groin plan). An annual maintenance
requirement of 150,000 yd3 would cost $900,000 per year, or $9,000,000
over the 10 year interim period (as compared to $450,000 per year, or

$4,500,000 over 10 years for maintenance of the short groin system).
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Thus the sand replenishment alternative would provide a
desirable recreational beach, and greater storm protection than the
short groin option. However, the estimated 10 year cost of the sand
replenishment option is $24,462,000 as compared to $15,144,444 for the
short groin option. In addition, because of the considerable deepening
of the waters at the -10 foot MLW depth, there is concern that a
significant movement of the sand fill to deeper water may take place.

Isolated Groin Field

The use of an isolated set of groins to reinforce a thin
section of the shore at a "priority area" has a severe drawback in that
the set of groins will tend to cause erosion south of the most southerly
groin. Thus, if a set of groins were installed to protect, say
Mile 6, then the shore front of Mile 5 would tend to erode severely
unless the groins were filled when constructed. The downdrift erosive
effect can be greatly curtailed by fi]]ing‘groins when constructed;
however, even when the groins are filled, the disturbance caused by

the groins to the normal travel patterns of the littoral drift

. might result in some erosion downdrift. There have been proposals

that this downdrift erosion could be avoided by making the one or two
most southerly groins of shorter length (both offshore and on the
seaward end of the horizontal berm section) than the other groins.
However, no design guidance is available for this proposal and this

type of action would be in the nature of an experiment.
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Isolated Beach Fill

Beach fill can, of course, be placed where needed. However,
isolated pockets of beach fi11‘w111 tend to be dissipated rather
rapidly by the littoral drift carrying the sand to the south.

Here the temptation is to attempt to hold the isolated fill with
groins, but the most southerly groin could be expected to cause
erosion to the south by stopping the littoral drift. As previously
stated, there have been proposals that this erosion could be
avoided by making the Southerly one or two groins shorter in
length than the other groins. Also as stated, no design guidance
is available for this proposal, and this type of action would be

in the nature of an experiment. Such an experiment might be worth-
while, however, if a pressing need develops along a portion of the

Ocean City frontage..

Use of Isle of Wight Bay Borrow Sites

As shown in figure 2 , (pg.11 ) there exists a shoal area in
the southern portion of Isle of Wight Bay. Sand trapped at the
inlet is moved into the Isle of Wight Bay shoal area_by flood tides.
As mentioned above (pg.69) a grain size analysis of the sands on the

surface of the shoal indicates that the shoal may be a suitable

[

— R . | ,

borrow area for sands to be placed on Ocean City beach. The economic
analysis by the Army Corps of Engineers for four potential borrow site
see (pp. 68-70) indicates that the Isle of Wight Bay shoal (referred
to as the Back Bay_site) may be cost effective. One benefit from
deepening the shoal area would be an increase in the area suitable

for recreational boating.

-76-

-y T W

R =y oW = B



The major disadvantage of using the Isle of Wight Bay shoal at
this time is the lack of available information to address the follow-
ing concerns:

(1) It is not known whether the subsurface sediments within

the shoal are suitable as fill on the ocean beach.

(2) It is not known if dredging éiqnificant amounts 'of borrow

from the back bay would alter tidal hydraulics in the area.

(3) It is not known what impact the dredging will have on the

ecology (especially benthic organisms and finfish) of the
area.

(4) It is not known what contaminants (e.g. heavy metals, organic

compounds) are contained in the sediments.
Until additional data is collected to address these concerns, the .
offshore shoal is considered to be the preferred borrow site.

Another alternative for obtaining fill from Isle of Wight Bay
is to widen the existing navigation channel (see Fiqurell). Present
use of the existing channel is severe to a point of being a safety
and navigation hazard. As many as 200 small boats may be using a
two-mile section of the channel at one time. Should the channel
be widened, congestion could be relieved. To the west of the channel,
depths are approximately two feet MLW for at least 8,000 feet of its
length. If doubled in width (from 125 feei to 250 feet) approximately
148,000 yd® of sand would be provided. Dredaing for fill east of
the channel is not desirable because it would reduce the accessible
clamming areas, and eliminate shallows which now protect bayside

developments from damage by winter storm waves.
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The major drawback of this alternative is that the amount of fill
provided will only partially satisfy the fil1l requirements of the proposed
project. Further study is required to determine (a) if the fi11 provided
would be suitable for Ocean City beach, and (b) the economic feasibility

of dredging the area.
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VIT.

Coordination With Other Interested Parties

The development of the short groin project has involved extensive
coordination with several interested parties. As mentioned above (pg. 5),
the Coastal Resources Advisory Committee, which includes representatives
from most of the groups that have an interest in this project, was directly
involved in the study of alternative interim measures and selection of
the short groin option as the preferred plan of action.

In addition to the coordination provided by CRAC's involvement

throughout the course of development of the proposed project, there have

v been five meetings with interested parties which are described below.

(1) "Summit Meeting” onAssateagueIsland; September 29, 1979:

The meeting was sponsored by the Committee to Preserve Assateague
Ieland, and attended by representatives of the State of Maryland
Department of Natural Resources, several federé] agencies (including
the U. S. Army Corps of Engineers, National Mariae Fisheries Service,
Fish and Wildlife Service,ANational Park Service), the Coastal
Resources Advisory Committee, Trident Engineering Associates,band
the State of Delaware. Several private citizens also attended.

The purpoee of the meeting was to have an open discussion of several
issues regarding Assateaque Island, and to discuss the status of
erosion control projects proposed for the region. The proposed
project for interim beach maintenance at Ocean City was included in
the discussions. |

(2) Meeting between the Secretary of the Department of Natural

Resources and Mayor of Ocean City:
In October, 1979, Mayor Kelley and Secretary Coulter met and

agreed to:

a) keep each other informed on the condition of the beach and

on the sfatus of the Trident Report; b) keep each other informed
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of progress on building smaller capital projects on the

beach.

(3) Meeting between the Secretaries of the Maryland Department of
Natural Resources and Delaware Department of Natural Resources and
Environmental Control:

In December, 1979, the two secretaries met and agreed to the
following:

a) to keep each other informed about ocean coastline erosion

control projects; b) no groins would be built within one mile

of the Maryland-Delaware line; c) a representative from

Delaware would be placed on the Ocean Bays and Beaches Task

Force. |
(4) Meeting between the Secretary of the Department of Natural
Resources and the National Park Service; January, 1980:

Secretary Coulter agreed to keep the National Park Service
informed on the groin project, and to have an National Park Service
representative on the Ocean Bays and Beaches Task Force. The National
Park Service agreed to comment on the study by Trident, and the
Environmental Effects Report on the short groin plan.

(5) Meeting to discuss use of back bay sediments; February, 1980:

Representatives of the Maryland Department of Natural Resources,

U. S. Fish and Wildlife Service, and National Marine Fisheries Service

discussed types of studies needed prior to evaluating the impacts

that would result from dredging sediment from Isle of Wight Bay.
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ECONOMIC RATIONALE FOR PRESERVATION
OF THE OCEAN CITY BEACHES

The problem: The current beaches at Ocean City, Maryland are gradually
and sometimes violently being lost through erosion and
storms.

The interim solution:* The construction and maintenance of a series of

short stone "groins" (a type of jetty) along the
beachfront to the Delaware border will protect
the beaches.

The question: Should public funds be used to implement this short-term
solution?
The answer: Yes; if the Ocean City beaches can be considered a public

resource and if the social economic benefits derived from
the beaches' existence exceed the sccial economic costs of
protecting them.

The beaches at Ocean City are a valuable recfeational resource for
the State. Because of their existence Marylanders are provided with
tangible and intangible economic benefits. In the first instance the beaches
have provided Marylanders with émp%oyment and income and the bub]ic sector
with tax revenue; while in the second ihstance they have been a source of
satisfaction and pleasure to Marylanders. More succinctly, if the current
Ocean City beaches were to disappear, as could happen if appropriaté action
to protect them is not undertaken, the tourism industry‘centered 6n them
would probably dec]ine:and'in addition Marylanders would have to»léave the

State to find and enjoy comparable recreational opportunitigs. Thus,

because the Ocean City beaches can in many ways be considered a special

*A Tong-term solution to the problem of shore erosion and beach main-

tenance will hopefully be provided by the U.S. Army Corps of Engineers within
the next 10 years.
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public resource*, in principle they deserve to be protected and maintained
in the public interest with public funds.

There is, however, a cost for such protection of the Ocean City
beaches. In addition, public funds available for this or any other purpose
are not unlimited. Although in principle the beaches warrant public pro-
tection, this use of public funds must compete with other worthwhile public
projects. To be an acceptable use of public funds in fact as well as in
principle the cost of maintaining and protecting the Ocean City beaches must
be less than the benefits derived from the beaches. As the following com-
parison of the social economic benefits generated by the existence of the
Ocean City beaches with the social economic costs arising from the stabili-
zation and protection of the beaches shows public support is not only

Justified, but such an expenditure is an efficient use of government funds.

I. Economic Benefits of Tourism to Ocean City

The tangible or quantifiable economic benefits derived from the
existence of the Ocean {ity beaches result from the expenditures of tourists,
which in turn generate employment and income for Mary1anders and tax revenue
for the State and local .governments. Tourism is the major industry in

Ocean City and visitors and conventioneers come from Maryland and all over

‘the country to spend their dollars in hotels, motels, restaurants, gas

stations, amusement parks, grocery and liquor stores, apparel shops and other
establishments. According to Ocean City sources, more than 95 percent of the

travelers to Ocean City are composed of tourists or visitors, who stay only

*Economically, such a resource is generally considered one which
arises from market imperfections and is characterized by the existence of
external effects and/or public (collective) goods.
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a couple of days, with the remaining percentage composed of deiegates to '
conventions, who stay roughly four days.' Based on national expenditure l

surveys uhdertaken by the U.S. Travel Data Center and the International
Association of Convention Bureaus, once the expenditures associated '
with travel to and from the point of destination are exciuded, tourists and/o‘
delegates spend approximately one third of their money on lodgings, another
_third on food and beverages and the final third on entertainment a;1d other .
goods and services. |

" The estimated expenditures by visitors and delegates to Ocean City in .
1978/79 are shown in Table 1, Between July 1978 and June 1979 roughly $170
million was spent by visitors and conventioneers in the city. Approximately
30 percent was spent on lodgings, 36 percent on food and beverages, 16 per- l

cent on entertainment and 18 percent on other goods and services.

TABLE 1

ESTIMATED TOURIST EXPENDITURES IN
OCEAN CITY, 1978/79

E ! ! ‘-
3 )

Expenditure Category Value ($ million) Percent N
Lodgings 51.0 30.0 I
Restaurants and '

Liquor Stores 42.2 25.0 o
Food Stares 18.3 11.0 '
Gas Stations and ’

Repair Services 11.9 7.0 -
Miscellaneous Retail .

Stores 12.3 7.0 -
Personal and Business -

Services 7.1 4.0 '
Amusements and : ,

Recreation 27.2 16.0

TOTAL 170.0 A 100.0
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These estimates of tourist expenditures in Ocean City have been
developed from spending profiles of tourists adapted from an Arthur D. Little
(ADL) study of tourism in Maryland and estimates of the numbers of tourists
and delegates visiting Ocean City provided by the Ocean City Convention and
Visitors Bureau.* These estimates of expenditures‘though differ frém others _.
which could have been cited, in particu]ér those for total sales. In fact,
estimates of total sales in Ocean City were found to be several millions of
dollars lower than the above estimates for expenditures. The primary reason
for this difference is that a large proportion of expenditures is not subject
to sales taxes.**

The estimated total impacf of these tourist expenditures on the in-
come, employment and tax revenue of Ocean City, Worcester County and surrounding
local coﬁnties fs illustrated in Table 2. These impacts were derived by”
multiplying the estimated expenditures in Table 1 by the total impact vectors

from the previously cited ADL study of tourism in Maryland. "Total impact"

" refers not only to the income, employment and tax revenue generated directly,

but also to that generated indirectly by such expenditures. In short, total
impact includes: (1) the employment, income and revenue generated by tourist
and delegate expenditures on lodgings and other services, (2) the expenditures
by the hotels, restaurants and other establishments on other goods and services
and (3) all other subsequent respending. Technically, "local counties" refers

to the three county area on the Lower Eastern Shore, which includes Worcester,

*Arthur D. Little, "Tourism in Maryland: Analysis and Recommendations,” "
for the Maryland Department of Economic and Community Development, Annapolis,

Maryland: October 1972 and Gary C. Fischer, Executive Director of the Ocean
City Convention and Visitors Bureau.

**See Appendix A for the derivation of the estimated benefits from
tourism and a discussion of the differences between estimates of expenditures
and total sales. ‘
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Wicomico and Somerset Counties. However, all of the direct expenditures
occur in Ocean City, and therefore, Virtua11y all of the total impact is in
Worcester County especially in the vicinity of Ocean City. On the other
hand, the specific recipients of income payments arising from tourist ex-
penditures in Ocean City may not be residents of the city. Thus, to the
extent that employees, employers and property owners do not reside in Ocean
City such economic benefits will accrue to persons living in other parts of
Maryland or elsewhere. It was not possible though to estimate that pro-
portion of the benefits, especially income, which accrues to non-residents

of Ocean City because the neceséary data were un&vai]ab]e.

TABLE 2

ESTIMATED TOTAL IMPACTS OF TOURIST
EXPENDITURES IN OCEAN CITY, 1978/79

Type of Impact Value or Number

“Local Employment . 9,390 persons
Local Income $54.7 million
Local Sales $248.5 million
Local Tax Revenue $13.7 million
Local and State

Tax Revenue =~ $15.0 mi1lion

Equally as important as these quantifiable benefits derived from the
existence of the Ocean City beaches are those benefits. which afe difficult

or impossible to estimate. Primary among such benefits are the pleasure and

satisfaction Marylanders derive from having Suéh a recreational assest easily

accessible within the State's borders. In fact, in this era of ever rising

costs of transportation the value or satisfaction of having an ocean beach

A.l.6
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nearby is extremely high.* Because such satisfaction is not reflected in
the above described impacts, the benefits attributed to the existence of

Ocean City beaches are underestimated.

I1. Interim Economic Costs of Preserving the Ocean City Beaches

The tangible or quantifiable economic costs resulting from maintenance
and protection of the Ocean City beaches are fhe construction and maintenance
costs associated with the form of protection selected. Among seven possible‘
short-term measures for storm protection and shore erosion control, presented
by Trident Engineering in a study** for the Energy'and Coastal Zone Admin-
istration of the Department of Natural Resources, the use of short stone
groins was chosen as the most appropriate measure.

The specific plan for using short groins would involve 1engthéning
the 24 existing groins and constructing 23 new ones along eight miles of
the Ocean City beachfront between 10th and 11th streets and the Maryland-
Delaware border. The groins would be about 325 feet in length and 840 feet
apart. Groin construction would be supplemented with beach fill or additional
sand to increase the .recreational beach area. The advantages of such a
measure are: (1) consistency both with the past method of beach protection

and the future plan for protection expected to be proposed by the Corps of

"Engineers, (2) increase in the beach area, (3) decrease in the rate of beach

*0ther recreational activities could be substituted for visiting the
Ocean City beaches, but presumably these would entail inferior opportunities
and thus would be less attractive or more expensive alternatives.

**Trident Engineering Associates, "Interim Beach Maintenance at Ocean

City," for the Maryland Department of Natural Resources, Annapolis, Maryland:
1979.
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replenishment due to decreased localized erosion and (4) protection for
the current beaches against damage by moderately severe storms.* The dis-

advantages of this measure are primarily the lack of protection from medium

or extremely severe storms.
As reflected in recent estimates in the Trident Engineering report, '

the cost of this form of beach protection is less than that of other methods.

In 1978 prices with no allowance for inflation,** the initial construction

or extension cost of 47 short stone groins would probably equal $10.6 mi1lion

with an additional $600 thousand required annually in sand replenishment.

The specific cost estimates are shown in Table 3.

TABLE 3 : \

ESTIMATED COST FOR PROTECTION OF THE
OCEAN CITY BEACHES, 1978/79

Type of Cost Value ($ Thousand)
1. Construction Costs (47 short e
groins): _
Construction of 23 groins $ 3594.9 .
Extension of 24 groins 1466 .4..
Sand fill for 47 groins 5553.1
TOTAL $10,614.4
‘2. Maintenance Costs (47 short
groins):
Annual Sand Replenishment 600.0

*The severity of storms is based on the probability of their
occurrence. Thus, a moderately severe storm is one which may occur once
every ten years, a medium severe storm once every fifteen years and an ex-
tremely severe storm once every twenty-tive years.

**See Appendix B for derivation by Trident of the estimated costs of
beach protection. '
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Again as with the quantification of the economic benefits the esti-
mation of the economic costs of preserving the Ocean City beaches is under-
estimated. In particular, to the extent that the construction of the short
stone groins fails to adequately protect the beaches, additional costs of
preservation would be entailed. . In addition, the intangible costs associated
with the'growing congestion in Ocean City, to which such protection would

contribute, are not reflected in the above cost estimates.

II1. Comparison of Economic Benefits and Costs*

A direct comparison of the previously estimated economic benefits
derived from the existence of the Ocean City beaches with the interim costs
of preserving them shows that the former definitely outweigh the latter.

In fact, the amount of tax revenue alone generated in the 1978/79 season by
tourism in Ocean City is more than sufficient to cover the costs of con-.
§truction and maintenance ofbthe protective jetties. Specifically, $13.7
million in local tax revenue was generated by the tourism industry in Ocean
City in 1978/79 compared with a total cost (total construction plus annual
maintenance costs) of preserving the beaches of $11.2 million. Thegg public
sector benefits exceed the costs by $1.5 million. ,Comparative1y, the

difference between the tax revenue accruing to the State plus the three

‘local Eastern Shore jurisdictions and the cost of beach preservation is even

*The comparison of benefits and costs as presented does not constitute
a traditional economic cost/benefit analysis because there are insufficient

data to derive marginal (net) estimates which are required for such an
analysis. :

A.1.9
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greater--$3.8 million. In addition, the difference between the benefits
going to the private sector and the costs of protection far exceeds those
of the pub]ic'sector. For instance, if the $11.2 million in costs were
substracted from the $54.7 million in local income being generated by
tourism in Ocean City during 1978/79, $43.5 million would still remain.
Moreover, the public sector revenue and the private sector income and em-
ployment will continue to be generated by the tourists annually long after
the costs of construction have ceased.

In fact, in all 1ikelihood, the construction of the stone groins
would be spaced over a number of years, consequently the annual difference

between the benefits and costs would significantly increase. If, as is

p . " p . F
3 -

recommended by Trident Engineering, 10 groins a year were constructed or ex-
tended, then the overall project consisting of 47 groins could be completed 'I
within five years from initiation. Under such conditions the maximum \
construction costs incurred in any one year would be about $2.5 million* Il
with the annual maintenance costs still equaling $600 thousand. Therefore, l
if the impact of the Ocean City tourism 1ﬁdustry in the future were Yo be
idéntica] Qith that of today (i.e., no growth or decline), then the annual II
difference between the local public sector benefits ($13.7 million)** and the
.costs of construction and maintenance ($2.5 + $0.6 = $3.1 million) would

amounf to approximately $10.6 million (an amount equal to the total costs

of construction) for any of the five years during which the construction

*Such estimates are in 1978 prices and incluse no allowance for in- N
flation. l

'**Again no allowance for inflation is made. - However, a reasonable '
assumption is that inflation would impact equally on costs and benefits, I'

consequently the relative differences between the two estimates would be
preserved.

A.1:10
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were undertaken. Once the construction period wefe concluded, then the
difference between the benefits and costs would rise to an even higher
level.

In short, as each of these examples illustrates, given the above
estimates of benefits and costs and the general assumption concerning the .
impact of inflation on the estimates, both now and for the near-term, the
use of public funds to stabilize and protect the Ocean City beaches and the

tourism industry founded on them appears to be quantitatively justified.

IV. Assignment or Payment of the Costs of Preservation'of the Ocean City

Beaches

Having estab1ished'that the use of public funds to protect the Ocean
City beaches appears to be an acceptable public undertaking, both in
principle and in fact, a secondary issue which remains to be settled is the
determination of whose tax money will be used to preserve the beaches.

Public taxation theory suggests that when the beneficiary of a public
expenditure can be identified, the preferred policy is to tax the beneficiary.
This principle is widely used in funding a variety of public projects. For
example, the Highway Trust Fund and State revenues used for highway con-
struction comes largely from the gasoline tax, which is paid principally by
.highway users. More diréct]y, sewer and water systems and some road
construction in subdivisions is paid in part out of assessments on the property

owners, who are the immediate beneficiaries of the public expenditures of

such construction. Generally, however, the individual property owners do

not bear the entire costs because the benefits received from most public

projects extend to many bersons in addition to the individual property

owners.

A.1.11



Applying this benefit principle, there are several groups among which
the costs of preserving the Ocean City beaches could be distributed. First, p
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the_re are the owners of property and businesses in Ocean City, who would .
directly benefit from the project. Second, to the extent that the tourist
attractions in Ocegn City provide the basis for Worcester County's economy, ll
the entire county would be a beneficiary.of the proposed project. Third, -
the availability of the recreational assets at Ocean City provides sub- l
stantial benefits either directly or indirectly to the majority of Maryland '
residents. Finally, many tourists- and delegates from throughout the country
benefit from the existence of the beaches.

If ff were considefed appropriate, the costs of preserving the beaches,'
at Ocean-City could be apportioned among these several groups of beneficiarie
This so]ﬁtion would seem, in many ways, to be the most equitable means of

paying for the project and it would defuse objections to the project as one

in "which public funds are used to enhance private interests."”

V. Summary
1. As a general proposition, the protection of the current Ocean
CityAbeaches by the public sector is warranted because the beaches are a

special public resource, i.e., the tourism industry of Ocean City is based

2. Specifically, the protéction of the current Ocean City beaches
by the public sector appears warranted because the social economic benefits
(the employment, income and tax revenue from tourism) generated by their
existence exceed -thé social economic costs (the construction and maintenance

costs of a series of short stone groins) of preserving them in the near-term

future.

‘on the recreational attraction of the beaches. | ' l

A.1.12
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In particular, the amount of local tax revenue ($13.7 mi]]ion)
generated in the 1978/79 season by tourism in Ocean City is more than
sufficient to cover the total costs of construction as well as the annual
maintenance costs ($10.6 + $0.6 = $11.2 million) of preserving the beaches.

3. If it were considered desirable, the major beneficiaries (the
property and business owners in Ocean City, the people of Worcester County
and the majority of Marylanders)* of preserving the current Ocean City
beaches could be required to pay the short-term cost of protecting them

based on the extent to which each benefited.

*The beneficiaries are listed in declining order of importance.
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APPENDIX A

DERIVATION OF THE BENEFITS FROM
TOURISM AT OCEAN CITY ’

_ - The estimates of the benefits from tourism based on the recreational
attraction of the Ocean City beaches are derived from several different
types of data from various sources. The estimates of tourist expenditures
in Ocean City as shown in Table 1 in the text are based on: (1) average
daily expenditure profiles by activity (beaching, conventions and others)
and type of accommodation (hotel, campground, and otherwise) for tourists
on the Lower Eastern Shore as taken from a report, "Tourism in Maryland:
Analysis and Recommendations," by Arthur D. Little, Inc. (ADL) in 1972 for
the Maryland Department of Economic and Community Development, (2) estimates

of the percentage distribution of tourist activity by type of accommodation

in Ocean City from personal conversations with Gary Fischer of the Ocean
City Convention and Visitors Bureau and (3) estimates of the total number
of tourists and delegates visiting Ocean City from personal conversations
with and data supplied by Fischer. The estimates of the economic impact of
these tourist expenditures as shown in Table 2 in the text are based on the
estimated expenditures from Table 1 and coefficients of total impact per
dollar of direct tourist expenditure as taken from the previously cited ADL
study on Maryland tourism. A brief review of the procedures used to derive
both sets of estimates are given below.

1. Estimates of Tourist Expenditures

The initial estimates of total expenditures were derived by
multiplying the average daily expenditure vector for a particular activity
and type of accommodation with the relevant number of days spent’enjoying
the activity. These initial estimates of tourist expenditures were in 1972
dollars, which were converted to 1978-79 dollars by using the national
average Consumer Price Index (CPI) for "All Items." Comparisons of these
initial estimates with data on sales taxes and the Qcean City room tax
receipts, suggested that the former expenditure estimates were too high.

These initial estimates were then adjusted based on further in-
formation provided by Fischer. He suggested that to use the total number of
tourist days spent in Ocean City to derive total expenditures was inappro-
priate because a tourist would spend some part of such days in travel. For

instance, there would be only two full expenditure days for each three tourist

days spent in Ocean City* because a tourist would typically arrive in Ocean
City on the afternoon of the first day and leave on the afternoon of the
third day. Adjustment of the initial estimates to reflect this reduction in

*According to Fischer the average duration of time spent by a tourist
in Ocean City is a total of three days.

.
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spending brought the estimates of tourist expenditures in line w1th the
data on tax receipts.

To further illustrate the process by which the estimates of tourist
expenditures were calculated, the following example of the derivation of
total hotel and motel expenditures by tourists in Ocean City during the 1978/79
season is offered. Table A-1 shows the vector of average daily expenditures
in 1972 by a typical tourist visiting the Lower Eastern Shore to enjoy the
beach and who stays in a hotel or motel. This vector, which is taken from
the ADL report on Maryland tourism, was first multiplied by the estimated
number of days spent by a tourist enjoying this type of activity and accom-
modation to obtain the initial estimates of expenditures in 1972 dollars.

TABLE A-1

AVERAGE DAILY EXPENDITURES BY TOURISTS ON
THE LOWER EASTERN SHORE TO ENJOY THE BEACH AND STAY
IN A HOTEL
(1972 DOLLARS)

1. Lodging: Hotels/motels $10.00
: Camping areas -
Rental homes -

2. Food and
Beverages: Food stores -
Eating and dr1nk1ng
places 8.00
Liquor stores 1.00
3. Transportation: Gas stations and repairs 1.00
o Local transportation - - :
Water transportation -
Auto rental -
Parking -
4. Other: Communication -
Miscellaneous retail ,
stores 2.00
Personal services 1.00
Miscellaneous business
services 1.00
Amusement and recre-
ation , 2.00
TOTAL $26.00

SOURCE: Arthur D. Little, "Tourism in Maryland: Analysis and Recommendations,“'
1972.
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For examp]e, with 2,870,000 days spent by tourists enjoying the
.beach while staying in a hotel, at a cost of $10 per day for the hotel.
‘a total of $28.7 million in 1972 dollars was derived as the initial estimate I
of total expenditures on lodgings. This amount was then adjusted for in-
flation between 1972 and 1978-79 by multiplying it by 1.64, as reflected by
the CPI, to obtain an estimate of $47.1 million in expenditures on lodgings. I
This estimate was in turn adjusted to reflect the fact that the typical
tourist stay includes only two full expenditure days by reducing it by one-
third to equal an estimate of $31.5 million in expenditures on lodgings.
Finally, this estimate was adjusted to correct for expenditures occurring '
in the off-season by deducting 12.5 percent* of the total from the estimate
to obtain a final estimate of $27.6 mil1lion in expenditures on lodgings for
tourists in the 1978/79 period who enjoy the beach and stay in a motel. l

The other expenditure estimates were derived in a similar manner,
although the adjustments required varied for each expenditure category.
0vera1], seven expenditure categories were estimated as illustrated in Table
1 in the text. The specific categories and each's associated Standard
Industrial Classification (SIC) code are: (1).lodgings (7011, 7021, 7042.and
65); (2) restaurants and liquor stores (58 and 592), (3) food stores'(54),
(4) gas stations and repair services (5541, 751, 752), (5) miscellaneous _
retail stores (59), (6) personal and business services (72 and 73) and (7) ‘
amusements and recreation (78 and 79). l

: In several instances these estimates of tourist expenditures in’ A
Ocean City during the 1978/79 season differed from those for total sales l
based on tax revenue data, as shown in Table A-2. For most estimates this
difference can be accounted for by the effects of inflation and the variation :
in the level of tourist activity between the two years 1978 and 1979, but Il
for others, in particular the estimates for lodgings, additional factors are
involved as well. The major difference between expenditures on lodgings and
sales receipts for lodgings is probably due to three factors: (1) seasonal
housing rentals which are not subject to the three percent sales tax, (2)

non declaration of some private housing rentals for tax purposes (espec1a'l]y
occasional condominium rentals) and (3) tips given to the hotel/motel staffs
which are not subject to sales tax. The other expenditure estimates are
within a reasonable range of the sales tax collections, except for those
goods and services, such as food store purchases and amusements, which are
not ordinarily subject to the sales tax.

2. Estimates of the Economic Impact of Tourist Expenditures

The estimates of total economic impact (income, sales, taxes and em-
ployment) of tourist expenditures were derived by multiplying the estimated

. *Fischer indicated that approximately one-fourth of the tourists
arriving annually visit Ocean City during the off-season when rooms cost
as little as one-half the in-season rate.



ESTIMATES OF TOTAL SALES IN WORCESTER COUNTY
"~ BASED ON 1978 SALES TAX RECEIPTS

Type of Business

Hotels, Motels, Apart-
ments, Cottages

-4-

TABLE A-2

(DOLLARS)

Tax Receipts -

Estimated Sales

1,646,541 32,930,820
Hotels, Mofels, Agart—
ments, Cottages 1,079,626 35,987,533
Restaurants & Liquor :
Stores 2,316,381 46,327,620
Gas stations and
Automobile repair
services 229,717 1,812,620
Amusements & Recreation
attractions 46,276 925,520
SOURCE:

"Thirty-first Annual Statistical Report of the Sales Tax Division

for the Fiscal Year 1978," Office of the Comptroller, State of

Maryland.
NOTE:

The estimates correspond to the fiscal year 1979 and adjustments

for inflation from FY 1978 to FY 1979 would suggest increases of
approximately 10 per cent.

1) Based on five percent sales tax for FY 1978

2) Based on three percent room tax for FY 1979
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. expenditures by coefficients of total impact (direct and indirect) of tourist
expenditures per dollar of direct expenditure. These total impact vectors
were developed as part of the previously cited ADL study on tourism in
Maryland. Direct tourist expenditures in 1978/79 dollars along with the
appropriate vectors were used to estimate the total impact on income, sales
and taxes, while direct tourist expenditures in 1972 dollars plus the
relevant total impact vector were used to estimate the total impact on
employment. :

.



APPENDIX B

| DERIVATION OF THE COSTS OF PRESERVATION
OF THE OCEAN CITY BEACHES

The estimates of the cost of preserving the Ocean City beaches by
constructing a series of short stone groins along the beachfront as shown
in Table 3 in the text are taken from a report, "Interim Beach Maintenance
at Ocean City," by Trident Engineering Associates, Inc. in 1979 for the
Tidewater Administration (Energy and Coastal Zone Administration) of the
Maryland Department of Natural Resources. An outline of the system of pro-
tection, the total construction and annual maintenance costs and a phased
implementation plan as presented in this report are given below.

1. Series of Short Stone Groins

The present system of groins at Ocean City does not meet the
standards given in the Shore Protection Manual in terms of length or
spacing. The use of short groins could probably be considered as
reasonable, if the groins were extended to at least the -4 foot contour
and had a spacing not over three times the working length (the length
from the berm crest to the seaward end) of the groin. This would call
for groins in the order of 325 feet in length and spaced not over 840 .
feet apart. (The present “standard" groin at Ocean City has a length
of 201 feet and the average spacing is 1510 feet. The present average

spacing has little meaning, however, as the 24 existing groins have very
irregular spacings.)

Thus, a plan using short groins can be envisioned which would in-
volve lengthening by about 125 feet the 24 existing groins and constructing
23 new groins to give groin lengths of about 325 feet and average spacings
of 840 feet. The groin construction should be supplemented by bedch fill
as needed to produce at least a 30-foot berm width at the +10-foot MLW

contour. The amount of beach fill needed would be in the order of 1.5
million cubic yards.

Construction and Maintenance Costs

_ The only recent stone groin construction cost estimate available.
within the general area of Ocean City, other than for the 80-foot stone
groin extensions that the city, itself, had constructed, was done by the
Philadelphia District of the Corps of Engineers. The Operations Division
of the Philadelphia District quoted the following figures that they used
this year (1979) for a proposed stone groin at Cape May, New Jersey:

e Material and labor cost estimate per tonnage of stone $35.00/ton

e Tonnage required per cu. yd. of groin 2 tons/yd3



The Philadeiphia District believes that the groins at Ocean City and
Cape May are close enough in overall size, tonnages, and design char- '
| acteristics that the cost factors would be applicable in either location.
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Using the Corps of Engineers cost estimate, the cost of short
groins, based on the design characteristics g1ven in other sections .
(not included) are:

o Short groins at 330' length with_a 10' width crown and end l
cap - Total volume of 2232.88 _yd3 from the various sized
cross sections.
2232.88 yd3 x 2 tons/yd3 x $35.00/ton = $156,302.00 ea. l
The short groins would thus cost an estimated $473.64 per
linear foot. l
47 Short Groins Needed for 8 Mile Section
23 new groins @ $156,302.00 ea. ' = $3,594,946. '
Extension of 129' to 24 existing gro1ns e _ »
~ $61,100.00 ea. ' = 1,466,400.
$5,061,346.

The_Philadelphia District stated that they normally use a 2.0
ton per yd° for planning purposes (as was used for the above calculations).
However, for actual construction projects, a 1.7 factor can sometimes be
used. If construction of stone groins at Ocean City is contemplated by
the State, it may be found that a bidding contractor could construct the l
groins at a rate closer to the 1.7 than the 2.0 factor. This would re-
duce the cost of a short groin by $23,445.00 each, or $132,857.00 instead
of $156,302 each. '

The actual costs bid for a job will depend upon several variables
such as the total number of groins to be built by a single contractor,
time and date limits imposed, methods of material haul (water, rail, or I
road), mobilization costs, etc. 'As these are unknown for this estimate,
the 2.0 factor was used to compute the cost of construction on a maximum
scale rather than a minimum level.

One other area where a savings may be obtained is in areas where
there is a bulkhead that the groin can be tied into. The lengths of both
the long and short groins include a 50-foot section for tie-in to the
dune that would not be needed where a bulkhead exists. After construction,
the groins can be filled either from littoral drift or by artifical means.

If the groins are built from south to north, one at a time, and the second
groin is not built until the first groin has filled, the sand can be ob-
tained from littoral drift; but the method will require a number of years
before all the groins could be installed. Using an artifical fill method,
the groins can be constructed as rapidly as possible.
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Assuming the groins were to be built as rapidly as possible, sand
fi1l would be required upon completion of each groin. Also, assuming
that no more than ten groins per year could be built due to weather and
summer time use of the beach restrictions, a total of 201,200 yd3 of
sand would be needed for ten short groins. Based on previous hydraulic
dredging costs and cost estimates from various ‘sources and quantities
to be dredged as outlined below, it is estimated that it would cost
approximately $6.00/yd3* for sand in quantities less than 1.5 million yd"

at one time. At $6.00/yd3, the sand ¥ill for ten short groins would be
$1,207,200.

The total costs for sand fil11 for all groins at $6.00/yd3 would
be: _

e Short Groins - 47 ea. with 925,520 yd3 of sand - $5,553,120.00
This is assuming that thé groins could not or would not be built all at
one time to take advantage of a lower cu. yd. cost of hydraulic dredging.
If, in fact, all groins were built in the same year, a lower unit cost
of sand could probably re realized as outlined in another section.
Consequently, -

Total Construction Cost: Groins

Groin Construction $ 5,061,324.00
Sand Fill 5,553,120.00
Total $10,614,444.00

The use of groins will provide a wider beach which will not re-
quire as large a quantity of replenishment sand to maintain the shore
front. It is estimated_that after the groins are initially filled,
approximately 75,000 yd3 sand would be required on an annual basis to
maintain the beach width achieved under the long or short groin method.
The Tong groins would require a slightly Tess amount; but for planning

purposes, 75,000 yd3 is estimated for replenishment requirements for
both systems. .

Annual Maintenance Cost: Groins
75,000 yd3 x $6.00 = $§99,ooo.oo
S,

3. Phased Implementation Plan and Associated Costs

1st Year Cost

Groins - Extension of 129 feet of new stone groins to ten existing timber
groins

+*$6.00/yd3 cost for sand is based on September 1979 estimates re-
ceived from the Baltimore District Corps of Engineers from their latest
revision of their Beach Erosion Study.

A,3.3 .
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$473.64 x 129 feet = $61,100.00 ea.

x 10 groins =

Sand Fi1l - 20,120 yd3 for each groin pocket

x9 pockets of 10 groins = 181,080 yd3
x $6.00/yd3 =

TOTAL COST 1ST YEAR

an Year Cost

10 groins from 34th Street to north of Marvland Route
90 location. In this section there is one timber. .
groin and two (1979) stone groins that can be used
for extensions. Seven new stone groins wguld be
needed. o

3 extension groins x $61,100.00 ea.
7 new stone groins ($473.64 x 330 feet
$156,301.00 ea. x 7

Ilv 1]

Total for Groin Construction

Sand Fill - 20,120 yd3 for each groin pocket
x 10 pockegs of 10 groins = 201,200 yd3
x $6.00/yd =

- TOTAL COST 2ND YEAR
3rd Year Cost

10 groins from north of Maryland Route 90 location
to 93rd Street. In this section, there are four
existing timber groins and two (1979) stone groins
that can be used for extensions. Four new stone
groins would be needed.

6 extension groins @ $61,100.00 ea.
- 4 new stone groins @ $156,301.00 ea.

Total for Groin Construction

Sand Fill - 10 groin pockets = 201,200 yd3
x$6.00/yd3

TOTAL COST 3RD YEAR

'$ 611,000.00

1,086,480.00

$1.697,480.00

$ 183,300.00
1,094,108.00
$1,277,408.00

$1,207,200.00
$2,484,608.00

$ 366,600.00
$ 625,204.00

$ 991,804.00

$1,207,200.00

$2,199,004.00



4th Year Cost

10 groins from 98th Street to 128th Street.

In this section,

there are two existing timber groins and three (1979) stone
groins that can be used for extensions. Five new stone groins

will be needed.

5 extension groins @ $61,100.00 ea. =
5 new stone groins @ $156,301.00 ea. =

Total for Groin Construction

Sand Fill -10 groin pgckets = 201,200 yd3
x $6.00/yd =

TOTAL COST 4TH YEAR
5th Year Cost

7 groins from north of 130th Street to the
Maryland-Delaware line. Al1 groins are new

stone groins.

7 new stone groins @ $156,301.00 ea.

[

Sand Fill -7 groin pockets = 140,840 yd3
x $6.00/yd3 =

TOTAL COST 5TH YEAR

Total Cost

Total costs for 47 groins and sand fill
over five-year period.
Groin Construction
Sand Fill
GRAND TOTAL

$ 305,500.00
$ 781,505.00

$1,087,005.00

$1,207,200.00
$2,294,205.00

$1,094,107.00

$§ 845,040.00

$1,939,147.00

$ 5,061,324.00
$ 5,553,120.00

$10,614,444.00
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YECRETARY QEPUTY SECARTANY

DEPARTMENT OF NATURAL RESOURCES
TIDEWATER ADMINISTRATION
TAWES STATE OFFICE BUILDING
ANNAPOLIS 21401

269-3382

December, 1979

TO THE READER:

These documents are the culmination of work carried out by Trident
Engineering Associates, Inc. for the Department of Natural Resources to
help develop an interim approach for erosion control at Ocean City. The
compiled reports by Trident Engineering Associates include, in order of
presentation:

1. Final Report Interim Beach Maintenance at Ocean City.

2. Final Report for Additional Data of Trident's Report on
Interim Beach Maintenance at Qcean City.

3. Summary Sheet for Costs for Alternative Methods of Beach
-Restoration and Maintenance.

4. Preliminary Report Interim Beach Maintenance at Ocean City.

These documents provide the collation and evaluation of existing
information and techniques for shore erosion control and beach maintenance.
There is also presented a comprehensive strategy of methods for maintaining
the beach until the U.S. Army Corps of Engineers (Baltimore District) finalizes
plans for a federal project of beach maintenance and storm protection. Finally,
analysis and recommendations for interim beach maintenance, including pro-
jected costs for design, construction and maintenance of all recommended
erosion control measures are included.

Comments and questions on the document should be addressed to the
Coastal Resources Division, Tidewater Administration, Department of Natural

Resources.

Sincerely yours,

Dr. Savah J. 'I'a%

COASTAL RESOURCES DIVISIC
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1.0 INTRODUCTION

This report has been prepared by Trident Engineering Associates,
Inc., of Annapolis, Maryland, for the Energy and Coastal Zohe
Administration of the Department of Natural Resources (DNR) of
the State of Maryland, Contract No. Cl15-79-440. This is a pre-
liminary report for Coastal Resources Advisory Committee (CRAC)
and DNR review to select two or three alternative strategies

for further study by Trident. The Draft Final Report will
contain this material plus additional studies and recommenda-
tions for a State plan of interim restoration and maintenance

actions to be implemented prior to the long-range plans of the

Corps of Engineers.

1.1 CORPS OF ENGINEERS ON-GOING STUDY

The principal on-going study of the erosion problem is the
cooperative beach erosion contfol study pf the Ocean City
shorefront now underway by the U. S. Army Corps of Engineers,
Baltimore District (seé Appendix A for the Corps of Ehgineers‘
plans for Ocean City beach protection.) It is estimated that
5- 10 years will elapse before the Corps' study will be com-

pleted and funds provided to undertake any remedial measure

recommended.

B.l -1~
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2.0 SEDIMENT MOVEMENTS AND HISTORICAL CHANGES

2.1 SEDIMENT MOVEMENTS AND QUANTITIES

2.1.1 The Sediments

For the purpose of this réport, sediments are considered to

be the sand size particles in the shore environment. These

sediments range from about 0.0l mm up to several millimeters

in size. There are finer sediments present, particularly

in the bays behind Fenwick and Assateague Islands, but these

finer sediments play an insign;ficant role in stabilizing
~the shore face. The median grain size of the sand composing

the beaches in the Ocean City area is about 0.4 to 0.5 mm.

2.1.2 Sediment Movements

sand is moved along the shore face by the waves and currents
in the beach zone. The primary force moving the sediments is
the wind-generated ocean waves which strike the shore face.

Two distinct sand movements result from the wave action, as

described below.

2.1.3 Alongshore Movement

Most of the waves striking the beach face arrive at an angle

to the shore. These waves generate a slow-moving current

: B._‘l_,__z_
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4 along the shore and also stir up the sand from the bottom.

The sand stirred from the bottom and temporarily placed in
suspension by thé waves is then moved along the shore with
ghe'alongshore currents generated by these same waves. This
result is a mass movement of sand along the shore face. This
sand movement is referred to as the "alongshore drift", or

the "littoral drift". A reversal in the wave direction wifh
feference to the shore will result in a reversal of the direc-
tion of the alongshore sand drift. The quantity of this along-
shore drift varies greatly around the United States shores,
being less than 100,000 cu. yds. per year on much pf the Great
Lakes shores and well over 1(000,000 cu. yds. per year on

much of the Pacific Coast.

2.1.4 On-Shore/Off-Shore Movement

Waves can be thought of as short waves or long waves.‘ Short
waves are those generated by winds of a local storm. A loeal
observer can both see the wave and feel the winds generating
the waves. These short waves (or local storm waves) tend

to pull the sand off of the upper sections of the beach énd
carry it seaward where it is deposited in off-shore bars.
Conversely, waves from distant storms reach the shore as long

waves (or swells). These long waves tend to remove the

B.l 3.
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l%i material from the off-shore bars and bring it back to the

beaéh face to create a wider beach berm. Most of our
ocean beaches go through intermittent cycles of erosion and
accretion in consonance with the succession of storm and -
non-storm occurrences on the shore. A winter storm will
usually erode our Atlantic Coast béaches while the gquieter
periods between storms will usually witness some récovery

of the beach width.

From the above description, it is seen that the sand on the
“beach face is constantly in motion, both in the form of along-
shore drift and off-shore/on-shore movement. Mathematical
equations are available relating the rate of alongshore drift
to wave height and, to a lesser extent, for estimating the
rate of erosion of the shore face during the storms. These
mathematical relations are, however, not yet perfected, and
the more reliable estimates are based on'field observations

in the locality or on hydraulic model test results, provided

the tests are made at a sufficiently large model scale.

2.2 SEDIMENT MOVEMENT PATTERNS

The wave action in the North Atlantic area is predominately

out of the northeast quadrant. Thus, the exception would be
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J that the beach sand along the Atlantic shore would be moved
from north to south. This is true in most sections of the

-

Atlantic shore; however, local shecals and tidal currents
associated with the mouths of large estuaries can reverse
this pattern in some areas. Thus, the Delaware coast from
Cape Henlopen south to about South Bethany Beach shows a dom-
inant littoral drift to the north due to the tidal currenté
and shoals at the mouth of Delaware Bay. A similar situation
is found at Virginia Beach, Virginia, where the shoals and
tidal currents at the mouth of the Chesapeake Bay cause a
northerly drift. However, along the present study area from

the Maryland-Delaware border to the Maryland-Virginia border

and beyond, the dominant direction of littoral drift is to

the south.

From the above description, it is seen that the beacb face
between Delaware Bay and Ocean City inlet is losing sand in
both directions: north to Cape Henlopen and south to Ocean
City Inlet. With no sand source acting to replace these lésses,
the shore face can be expected to erode as a continuing action.
The loss south toward Ocean City Inlet is estimated from field
measurements of sand accumulations behind the north jetty

and in the shoal areas associated with the Inlet to be.in the

order of 150,000 to 200,000 cu. yd. per year. A figure'pf
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g about 150,000 cu. yd. per yecar secems to be the most acceptable
figure and can be used with some confidence as the measurements
of the sand accumulation behind the north jetty at Ocean City

are fairly accurate.

Some additional losses occur from Qind blowing the sand westerly
off of the beach face (known as "deflation") and from sand
transported seaward to such depths during very violent storms
that it is more or less permanently lost from the shore face.
Thus, we find that the beach aréa from about South Bethany

southerly to Ocean City Inlet is losing material in three

ways:
South to the Inlet and beyond;
West by wind deflation, and

East to deep water by storm waves.

The loss to the south has been evaluated fairly accurately and
is considered to be the most significant loss. The loss to
the west by wind action is small. The loss to deeper water

(seaward of the - 30 foot contour) by storm waves may be of

some significance.

It should be recognized that at times waves from the southeast

guadrant move the sand northward along the shore. However,
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l‘j the wave energy from the northeast quadrant is significantly

greater than that from the southeast, resulting in a net drift
of beach sand to the .south. The gross rates are believed to
be about 450,000 cu. yd. per year northerly against 600,000
cu. yd. per year southerly, giving a net drift of 150,000

cu. yd. per year to the south.

2.3 HISTORICAL RECORDS

As pointed out above, the beach face between South Bethany

and Ocean City Inlet is supplying about 150,000 cu. yd. per

year of material to the Inlet area and the shores of Assateague
Island. Before the opening of Ocean City Inlet in 1933, this
150,000 cu. yd. per year moved direcﬁly onto Assateague Island
and helped to sustain that Island from erosion. Since 1933,
however, most of this 150,000 cu. yd. per yéar has been deposited

in the shoals inside and outside of the throat of the Inlet.

This 150,000 cu. yd. per year movement to the south Ahas, no

doubt, been in effect since historical times and probably for
many centuries before. Thus a more or less continuous retreat
of the shore face could be expected. That this is the case ;s

shown by the historical records of the position of the shoreline
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J over the past century. The oldest reliable survey was made in

1849 by the U. 5. Coast and Geodedic Survey (the C.&G.S.)

and depicts the ioéation of the high water shoreline and cer-
t;in off-shore contours. Several later surveys are also avail-
able, notably the C.&G.S. of 1929, four years before the
opening of Ocean City Inlet. This 1929 survey serves well

as a base for determining the effects of the Inlet and the

Inlet jettiés on the adjacent shorelines. The C.&G.S. surveys

of 1947 and 1965 enable the progressive changes in the shore

area 0 be determined.

In addition to the C.& G.C. surveys, there are a number of -
aerial photographs and several sets of beach cross-sections
(profiles across the shore face) which have been taken.

These records are also very useful in delineating the changes

in the shore zone.

2.3.1 Changes in the Shoreline

The successive locations of the high water shoreline (the
mean high water shoreline) provide a very good index of tﬁe
magnitude and type of changes (erosion or accretion) taking
place along the shore. The meaﬁ-high water elevation

is 3.5 feet above mean low water datum plane at Ocean
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J City. The changes in the Ocean City shore face have been

examined by comparing the C.&G.S. surveys of 1850, 1929,

and 1965. The pgofile comparison plots made by the Baltimore
D;strict of the Corps of Engineers were used in making these
numerical comparisons. The results of this examination are

given in Table 1. For the purpose of the analysis, the table
has been subdivided into nine one-mile sections, with section 1
being the final mile north of the inlet; and section 9, the mile
adjacent to the Maryland-Delaware line. Section 1 is so com-
pletely dominated by the impounding effect of the north jetty

that its changes have been listed separately in Table 1 and

not included in the average of the other eight sections.

Changes 1850-1965

These changes are indicated by the shoreward movement of the
mean high water (MHW) lines. Sections 2 through 9 retreated
an average of 246 feet toward the shore during this 115-year
périod with thé average retreat being 2.1 feet per year. The
mile section showing the maximum retreat was Section 3 (about
25th Street to 37th Street) which retreated 430 feet during
the 115 years for an average retreat of 3.7 feet per year.
The mile section showing the minimum retreat was Section 7
which retreated a net of 75 feet during the 115 years, for

an average of 0.7 feet per year. This section is in the area .

Oof 114th Sreet to 127th Street.
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Changes 1929-1965

These changes are more indicative of present tendencies as
this 36-year period begins only four years before the open-

ing of the inlet. Comparisons of these two surveys have been

made in two ways:

By the comparisons of the shifts in the MHW, the

-10 foot, and the -20 foot contours, and

By the quantitative changes in the amount of sand
between the MHW, the ~10 foot, and the ~20 foot

contours.

As might be expected, these comparions show a great advance
seaward of the contours in section 1, as well as a large
accumulation of sand. These effects are, of course, due to

the north jetty being built in the 1930's.

Contour Shifts 1929-1965

The survey comparisons (see Table 1) show the following con-
tour shifts for the seven miles of sections 3 through 9. All

figures represent a landward shift of the contours.

Beal~ll-
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Over the Average

36-Year Period per Year

MHW contour . 86 feet 2.4 feet
-10 foot contour 252 feet 7.0 feet
~-20 foot contour 350 feet - 9.7 feet

The figures in the above tabulation show that the entire shore
face of sections 2 through 9 is shifting shoreward. At the
mean high water line (MHW), this shift averaged about 2.4 feet

per year for the 36-year period. The comparable figure for

the 115-year period (1850-1965) is 2.0 feet per year, indicat-

ing that the MHW contour has moved shoreward at a fairly uni-
form rate over the past 115 years. Due to the north jetty,

section 1 has, of course, shown a seaward movement of the

contours during this period as has section 2 to a lesser extent.

The shoreward movement of the -10 foot and -20 foot contours
over the past 36 years have been much greater than that of
the MHW contour. This, of course, means that deeper water

is moving close to the shore and that'the shore face is steep-
ening between the -20 foot and MHW contours. This deepening;
in turn, permits higher waves to move closer inshore and
thereby subject the beach area around the MHW contour to
attack by higher waves. These higher waves could, of course,

be expected to tend to increase the rate of erosion of the

- shore face.
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Quantity Changes 1929-1965

The effect of the shoreward shifts of the MHW,/-IO foot, and
-20 foot contours on the quantity of sand in the near-shore
zone is also of interest. Table 1 shows that the following
quantites of sand have been lost from the eight miles of

sections 2 through 9 as follows:

1929-1965 Average
Sections 2 through 9 Time Period per Year

Between MHW and -10 foot contour 3,894,000 yd3 108,200 yd?
Between -10 ft and -20 ft contour A4,378,000 yd® 121,600 yd?
Between MHW and -20 foot contour 8,272,000 yd® 229,800 yds3

Note: The above computations were made with the 1965 positions
of the contours as the basis of the measurements.

The one mile of section 1 was accreting during this period,
accretion between the MHW and -20 foot contour being
1,083,000 yd?® for the 36-year period or an average of
30,100 yd3/yr. Actually, most of the 1,083,000 yd3 total

accreted during the first few years after the construction

of the north jetty in 1934.

The 8,272,000 yd? lost from the eight miles of sections 2
through 9 is an average loss of 196 yd3 per foot of shorefront
over the 36-year period, 1929-1965. On a yearly basis, these

figures represent a loss of 229,800 yd3® per year overall.

B.1'-13-
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I‘J Actually, the loss from the near-shore area during the 1929-

1965 period was dgreater than the 8,272,000 yd3? (229,800 yd3/yr)
presented above as these figures could be computed accurately
dhly to the 1965 location of the -20 fbot contour. The survey
profiles received from the Baltimore District Corps of Engi-
neers show losses seaward of the -20 foot contour. However,
as the 1929 and 1965 profiles did not always close seaward of
the -20 foot contour, it was not possible to make an accurate
computation bf these further losses. Comparisons that were
possible indicated, however, that the 36-year losses seaward
of the present -20 foot contour out to the-30 foot contour
totaled about 92,660,000 yds, or 6.4 yd3/year per foot of
shore. This is.of the same order as the loss (8,272,000 yda)
measured between the MHW and - 20 foot cénfour over this

same 36—year period interval. Thus the total loss ove; the
eight miles frontage would appear to be 17,932,000 yd3

between the MHW and the - 30 foot contour.

The March 1962 Storm

The northeastern storm of March 6-8, 1962 resulted in severe
damage to the shore between Montauk Point on ﬁong Island and
Virgin;a Beach, Virginia. Emergency shore protection, funded
by the Federal Government, was undertaken after this séorm

and Ocean City was included in the project. The Ocean City

B4l -14-
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area included was the northerly eight miles, extending from
the Maryland-Delaware line to within about one mile of the

inlet. The emergency measures undertaken involved the place-

ment of a sand dike along the beach. The quantity of sand placed

in the eight mile dike at Ocean City was 1,050,000 yd3'accord—
ing to the records of the Baltimoreé District. This would

be an average of 24.8 yd2? per foot of shore. This sand was
dredged from deposits in Assawoman, Isle of Wight, and Sine-
puxent Bays and had a medium grain size of from 0.18mm to
0.35, depending on the.source. This sand was not a good match
with the 0.4 mm sand characteristic of the Ocean City shore
and, therefore, probably eroded more easily than would the
coarser sand. The dredgéd sand was, however, the only
practicable source for the emergency. This 1,050,000 yd?
placed on the shore should be added to the guantity eroded
which would actually résult in a loss of 1,050,000 yd3 greater
than the erosion figure of 8,272,000 yd3 quoted above for

the area between the MHW and -20 foot contours. This revised
‘total would then be 9,322,000 yd3 or 258,900 yd? per vyear,

or 6.1 yd3?® per year per linear foot of shorefront. These
figures do not include the losses between the -20 foot and

-30 foot contours. These losses increase the figure to 12.5

3
yd /year per foot of shore.
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2.3.2 Section 1

The accumulation in section 1 between the -20 foot contour
and -30 foot contour was aboqt 2,722,000 yd? over the same
36-year period, 1929-1965, or roughly about 2.5 times the
amount accumulated (1,083,000) between the MHW and the -20
foot contour during this same interval. 1In addition to the
above guantities, a total of 1,008,000 yd?® accumulated in
éection 1 between the MHW contour and the boardwalk in this
36-year period. Thus we find that in section 1 (the mile

of shore front north of the north jetty) a total of 2,722,000
yd? plus 1,083,000 yd3 plus 1,008,000 yd?®, or 4,813,000 cu. yd.
:Atotal, had accumulated in section 1 between the boardwalk and
the -30 foot contour in the 36-year study interval. This

is a total of 4,813,000 yd3 accretion in this one-mile sec-
tion or an average of 133,694 yd3® per year. It should be
noted that this 4,813,000 yd?® accretion includes part of the
material forming the outer bar at the Inlet. It also includes
any material pumped onto this section during dfedging-opera—
tions iﬁ the Inlet. (The Baltimore District dredging records
indicate that some 40,000 ya3 were added to the section in

this fashion.)
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Average gain per year (1929-1965) MHW to -20 feet

Average gains for this mile......30,000 yd3 per year

Average gain per foot............ 5.7 yd?® per year

Note: The gains per year over this southerly one-mile

section are probably not realistic as most of the
gains probably took place over the first few years
of the 36-year period until the impoundment
capacity of the north jetty had been reached.

2.3.3 Sections 2 through 9

The loss of 9,322,000 yd3 inside the ~20 foot contour between
sections 2 through 9 (259,000 yds/yr) has, of course, resulted
in deeper water moving closer inshore which, in turn, has
permitted more wave energy to reach the beach face. This
increase in wave energy has resulted in an erosion of the beach

face; thus, resulting in the action causing the difficulty on

the Ocean City shore front.

Stated another way ., the deepening of the off-shore contours
results in tﬁe waves trying to reestablish the-former normal
profile of the beach. The waves can do this only by eroding
sand off of the beach face and using this sand to fill the
off-shore area, thereby restoring the normal beach profile.-
Either way, the profiles of thé northerly eight miles are

shifting shoreward (or are tending to shift shoreward).
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2.4 SUMMARY OF VOLUME CHANGES

The data presented show that there was a massive loss of sand
from the near-shore ‘area over the 36-year period, 1929-1965.
The losses for the northerly eight miles (sections 2 through

9) can be summarized as follows:

1929-1965 Time Period

° 36-Year Loss Between MHW and -20 Foot Contour

Total loss for 36-year period............ 9,322,000 yd4?
Average loss per mile of shore........... 1,165,000 yd3

Average loss per foot of shore........... 220 yd3

Average Losses per Year Over the 36-Year Period

Average loss per year of entire 8 miles...259;000 yd3 /yr
Average loss per mile of shore.......vs.. . 32,400 yd3/yr

Average loss per foot of shore......ceevee 6.1 yd2/yr

For the southerly one mile section north of the north jetty,
there has, of course, been accretion. The figures for this

one mile of shore are:

-
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° Gain Between MHW and -20 Foot Contour

To£a1 gaifh over 36-year period.......... 1,083,000 yd3
: Average gain per mile of shore....... ...1,083,000 yd3

Average gain per foot of shore.......... 205 yd3

Average gain per foor of shore per yr... 5.7 yds/yr

2.5 BEACH CONTOUR SHIFTS

‘The erosion of the shore face is the most noticeable result

of the loss of material from the shore. A study of the
position of the MHW contour in 1849 and 1929 shows that the
Ocean City shoreline has historically been undergoing erosion.
As shown in Table 1, the mean high water (MHW) contour shifted
shoreward an average of 2.3 feet per year for the 739-year
period, 1850-1929. The average rate for this same frontage
for the succeeding 36-year period, 1929-1965, was 2.4 feet

per year. For this latter figure, only the northerly seven
miles was used as the MHW contour over the southerly two miles
accreted during this period due to the presence of the north

jetty.

The erosion rate at the MHW contour was very constant over

the area for the 1ll6-year period, 1849-1965. These yearly

‘rates give a cumulative shift landward of the MHW contour
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J of 184 féet over the first 80 years and 86 feet over the suc-
ceeding 36 years for a total of 270 feet for the entire 116-
year period. The 86-foot fetreat over the past 36 years is
the figure of greatest interest as it reflects the erosion
rate since the time of greatest growth of Ocean City, start-

ing about 1930.

The average shoreward retreats of the -10 foot and -20 foot
contours over the 36-year period (1929-1965) were 252 feet
and 350 feet respectively over the northerly seven miles.
These figures represent rates of 7.0 feet per year and 9.7

feet per year respectively.

Shore Changes 1965-1979

The most comprehensive‘recent survey is the 1979 set of pro-
files made by the Baltimore District of the ?orps of Engineers.
Only 20 of the 36 profiles of the 1965 éurvey were repeated

in the 1979 survey. However, these 20 profiles were spaced

at fairly regular intervals and enabled a comparison between
1965 and 1979 conditions to be made along the entire nine
‘'miles of shore. The changes in volumes and in contour loca-

tions are indicated in Table 2 and are discussed below.
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l{ Volume Changes 1965-1979

foot contour.

° Average

Average
Average

Average

Reference to Table 2 shows that the sand continued to be lost

at a rapid rate at all depths between the MHW and the -20-

due to the lack of closure between the 1965 and 1979 surveys
at the seaward ends of the profiles. The losses between the
MHW and the -20 foot contour are summarized below for the

northerly eight miles of shore.

© 1l4-Year Loss Between MHW and -20 Foot Contour

' _ 3

Total loss for l4-year period........ +..4,660,000 yd

-3

Average loss per mile of shore......... 582,500 yd
Average

Actually, losses were in evidence out to even

greater depths but guantities could not be accurately calculated

1965-1979 Time Period

3
loss per foot of shore......... 110.3 yd

Loss per Year Over the l4-Year Period

. 3
loss for entire northerly 8 miles... 333,000 yd /[yr

. . - 3
loss per mile of shore.............. 41,600 yd /yr

3
loss per foot of shore.......c.ceeee 7.9 ya /yr
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A comparison of thé above guantities with the figureg for

the 36-year interval, 1929-1965, shows them to be of the

same order — the average overall loss per year being

259,000 yd3/yr over the former 36-year period compared to
333,000 de/yr for the recent l4-year period. These reduce
to 6.1 yd3/ft of shore for the former 36-year period against
7.9 yd3/ft of shore for the recent l4-year period. This indi-
cates that there has been some, though not a signifiéant,
increase in erosion over the northerly eight for the later

period compared to the former period.

As in the previous survey interval, the southerly oné mile

of shore against the north jetty showed a net accretion. 1In
the recent interval, 1965-1979, the accretion between the

MHW and -20 foot contours was 281,000 yd3® total, or 20,100
yd3/yr. This rate of gain was considerably ‘less than the
30,000 yd?/yr gain registered in the preceding 36-year périod;
but this could have béen expected as the northijetty impound-

ment area is more nearly filled as the years progress.
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Contour Changes 1965-1979

The data shown in Table 2 shows that the MHW, -10 foot, and
-20 foot contours continued to move shoreward during the 14-
year interval, 1965-1979. This movement shoreward is summar-
‘ized in the following tabuiation for the northerly eight miles

(sections 2 through 9):

Over the 1965-79 1929-65

l4-Year Period Average Average

1965-1979 per Year per vear

MHW Contour 32 feet 2.3 feet 2.4 feet
-10 Foot Contour 123 feet 8.8 feet 7.0 feet
-20 Foot Contour 200 feet 14.3 feet 9.7 feet

This tabulation indicates that the rates of erosion are some-
what larger for the most recent 14 years than for the preced-
ing 36 years though the rates are of the same order of

magnitude.
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3.0 ACTIONS BY MAN

3.1 GROINS

The previous discussions related to the shore changes at Ocean
City took into consideration the effect of the north jetty

and the placement of 1,050,000 yd3'of sandfill on the beach
following the March 1962 storm. There are two other actions

taken by man which have influenced, in some degree, the beach

contours:

° The placement of a series of groins along the Ocean

City shorefront, and

o

The bulldozing of sand from the lower beach face up

onto the beach berm.

The groins and their results will be discussed first.

The Department of Natural Resources haS‘supﬁlied a listing,
dated May 14, 1979, showing the record of groin construction
at Ocean City (Table 3). The table shows that a total of

42 groins have been constructed at Ocean City; 14 by DNR and
28 by "others".

The 28 groins construction by "others" (presumably by the

Department of Transportation) were constructed between 1922
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and 1961. Of these 28 groins, 17 were constructed before
1939 and all of these were between 1l6th Street and the north
jeﬁty. Thus all of the 17 older groins are now within the
sand fillet impounded by the north jetty. They are probably
having little influence on the position of the beach face,
except possibly those groins between 12th Street and 1lé6th
Street. In fact, the groins from 8th Street to the north

jetty are buried in the sand fillet.

A set of comparisons was undertaken to determine, if possible,
the effects which the groins had on delaying the erosion of
the shore. One comparison attempted to utilize the fact that
before 1965, all but threé of the listed groins were: south

of 27th Street. Table 1 shows that in section 1 the MHW con-
tour moved seaward an average of 420 feet during the 1929-
1965 interval for an a§erage of 11.7 feet per year. However,
it is believed that this advance was due primarily to the
presence of the north jetty constructed in 1933-1934 and not
to the groins between the jetty and 7th Stréet. Section 2
(the next mile to the north) moved seaward an average of 2.8
feet per year during the same period, but it seems impossible
to state whether this advance was due to the presence of the

north jetty or the groins in this section.
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J Section 3, the next mile of frontage to the north, had four -
groins (at 21st, 22nd, 23rd, and 26th Streets), all installed
after 1950. The groins were appafently designed to extend
out to about the -2 foot MLW contour when constructed. 'Cpm-
paring section 3 to the six sections (sections 4 through 9)
to the north of it, we find that in section 3 the MHW line
retreated 70 feet during the 1929-1965 period, while in the
six sections to the north, the MHW line retreated an average
of 89 feet. These two figures, 70 feet and 89 feet, are so
close in magnitude that the only logical conclusion would

seem to be that the four groins in section 3 did not appear

to have a measurable effect in slowing down the retreat of.

the MHW contour in section 3.

Another comparison was available on a drawing furnished by
the Shore Erosion Control Program of the DNR, "Beach Profile
Comparison at Selected Groins in Ocean City, August 3, 1977".
This drawing shows the groin profiles as constructed together
with a beach profile fér the year preceding the constfuction
of the particular groins. These groins and their dates of
.construction are 25th Street (1974), 29th Street (1973), 31lst
Street (1975), 51st Street (1975), and 128th Street (1975)..
Also shown on the drawing are beach profileé on each side

of the five groins as of August 3, 1977.
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3

M a study of these groins and profiles shows the following:

[}

The groins at 29th, 51st, and 128th Streets showed
an appreciable accretion of sand on both sides of the
groins between construction and August 3, 1977 — the

accretion being in the order of three or four feet.

The accretion on the landward half of the 51st and
128th Streets groins carried well above the top of
the groins so that this part of the groin was buried.
This building above the groin is sometimes considered
as an indication that the accretion is not due to the

groin but to other causes.

The 1977 profiles were taken near the end of the sum-
mer (August 3) when the beaches are usually at their
most accreted position of the year. The before-
construction profiles were taken, in four cases,
between January and May when lower beach profiles
could usually be expected. Thus some of the accre~
tions could be attributed to a seasonal effect

rather than to the presence of the groins.

In view of the above findings, it is concluded that the com~-

parative profiles oh the 1977 drawing cannot be taken to show,
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J with assurance, that the five groins are a stabilizing influ-

ence on the beach. This conclusion is reinforced by an

analysis of other data as described below.

A set of drawings produced by the Maryland Geological Survey
show repetitive profiles over sevefal yvears at 12 places aloné
the shore., Other locations were shown also but without a
vertical datum control. These repetitive profiles showed
that vertical variations in beach elevation near the mean
high wéter line of as much as six feet could be expected in

a four-month period and ten feet or more over a year or two.
Fluctuatipns of four to six feet were commonplace. " These

wide and rapid variations make a beach elevation measurement

on a given day a matter of chance and not indicative of a

meaningful long term erosion or accretion of the upper por-

" tion of the beach face from MHW to the crown of the beach.

Thus , it seem impossible to use this data to assess the

value — or lack of value — of the groins in stabilizing

the beach face.

Summarizing the -attempts made in the above paragraphs to
assess the value of the existing groins in stabilizing the
beach face at Ocean City, the conclusion seems justified that

there is no firm evidence that the groins have been effective
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{ in stabilizing the beach face. Possibly, therc has been some

beneficial effects from the groins; but these effects, if
present, do not Seem to be sufficiently great to be detected
Hy analyzing the existing data. Local observers may well.

have seen sand action around the groins which indicate that

the grbins have a beneficial effect; however, the firm data

at hand does not permit a firm conclusion of this type to

be drawn.

3.1.1 Discussion of the Ocean City Groins

The effects of a groin become more noticeable as the length
and height of the groin is increased. The north jetty at
Ocean City acts as a long, high groin and has been very suc-

cessful in impounding a large fillet of beach for a mile or

so to the north of the groin.

The standard Ocean City groins constructed between South lst
Street and 130 Street are approximately 201 feet in length
and extend out only to about the -2 or -3 foot MLW contour.
The question then arises as to whether or not the Ocean City
groins are of sufficient length to produce an impoundment

of sand against the shore. This question is probably not

susceptible of a definite answer and reliance could probably
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best be put on the basis of experience. The "Shore Protection
Manual" of the U. S. Army Corps of Engineers (1977 ed.) includes

a section on the design of groins which is based on wide exper-

lence with groins.: Excerpts are quoted from this manual in

Appendix B.

A comparison of the standard groins at Ocean City with the.
Quidelines stated in the Appendix B excerpts show that the
Ocean City .groins, as designed, cannot be expected to function
to full effectiveness. The two prime reasons for lack of

full effectiveness are:

° The groins are only 201 feet in length and thus extend,
in most cases, only to about the -2 foot MLW contour
and in some cases, even less. The recommended depth

quoted from the Shore Protection Manual for the Atlantic

Coast is -6 foot MLW. Thus, the groins do not extend
seaward to a sufficient depth to trap and hold a large

portion of the sand drifting along the shore.

© fThe groins are 201 feet in length, of which some 150
feet could be considered as the length seaward of the
crest of the beach berm. The Manual récommends.that,
to be effective, the groiﬁs be spaced at two to three
times this berm to seaward distance. Applying this
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guideline to Ocean City groins, the spacing indicated
would be 150 x 3 = 450 feet. 1In actuality, the
northerly eight miles (42,200 feet) of the Ocean City
frontage has a total of 28 groins. This represents
an average spacing of 1,510 feet per groin instead

of the recommended 450 feet; In other words, the
present groin'system has an average Spacing of about
three times the recoﬁmended spacing. This would
indicate that the groin system could not be expected
to function at maximum effectiveness in stabilizing

the shore.

In view of the two points described in the preceding para-
graph, it could be concluded that the present groin system
should not be expected.to provide effective stabilization

of the shore. The groins have, no doubt, had some beneficial
effects. However, as pointed out previously, it does not
seem possible — with existing data — to define the degree

of benefit from the groins.

3.2 SAND BULLDOZING

Over the past three or four years, Ocean City has utilized

bulldozers to push the sand from near the mid-tide line up
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{ higher on the beach face. This provides a wider beach berm
atjﬂm:ekpense of lowering the beach elevation near the mean
sea level line. Due ﬁo the nature of the bulldozing opera-
tion, it has not been practicable to obtain a usable estimate
of the quantity of sand moved in this fashion. Apparently,
the Bulldozer would work after eacﬁ winter storm to push the

- sand back up on the beach berm. The total cost of these
Operations was reported by the City to have been $465,315 for

the winter period 1977-78 (late Sept. 1977 to early May 1978}.

On some of the beach profiles referred to above, there are
mounds of sand shown up near the crest of the berm. It is
presumed that these clearly identifiable mounds are the sand
rows or mounds which have been pushed up by the bulldozers.
QOf 12 sand mounﬁs so identified, the cross-sectional areas
>varied from about 60 square feet to 175 square feet, with

an average area of about 110 square feetf The possible
effectiveness of these sand mounds in delaying the erosion

of the shore face durihg storms accompanied by heavy wave

action is examined below.

3.2.1 Effectiveness of Bulldozing

No surveys or profiles have been taken to measure the quanti~

ties of sand bulldozed durihg this time period. It is,
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J thercfore, impossible to quantify the effectiveness of the

sand mounds in reducing or delaying shore erosion. There
are, however, ceétain laboratory tests which have been made
a; full scale at the U. S. Army Coastal Engineering Research
Center which can give some indication of the probable effect
of the sand mounds. The tests at the Coastal Center were
made in a large wave tank some 600 feet long by 15 feet wide
by 20 feet deep. During the studies referred to, ordinary
sand beaches were subjected to attack by storm-type waves

up to six feet in height. These tests showed that these
waves eroded the shore face rapidly at first, but that the
rate of erosion decreased somewhat as the shore face was
eroded and the eroded sand 'was deposited near the breaker line.
The results of a test made with storm waves of a height of
5.5 feet and a wave period of 11.3 seconds showed that the
beach face eroded during the first hour at about 60 sguare
feet per hour. For the fifth hour, the erosion rate was
about 30 square feet; and for the tenth hour, about 22 square
feet per hour. Using 110 square feet as the cross-section
of the sand mound (or sand row) pushed up by the bulldozers
at Ocean City, it can be reasoned that the sand mound wouid
delay erosion by about two hours. In other words, the sand
mound conceivably provided a fair degree of protection-for

the first two hours, but would probably have little or no
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Lh’ effect after that time. Thus the degree of effectiveness

of the bulldozing would be related to the duration of the

"storm.

’

Relating the above to effectivehess, it would appear that

for a storm lasting through only one high tide (i.e., a

storm of say 8 to 12 hours), the bulldozing probably has soﬁe
beneficial effect, considering that high tide lasts for only
two or three hours.: But for longer storms lasting through
two or more high tides, the effect‘of the bulldozing would

be very much diminished. If the near-shore depths continue
to deepen, as described in the paragraphs above, the time
will arrive when the beach face between thg mean low water
line and the boardwalk or shore line will become so narrow

that the bulldozing will lose whatever effectiveness it has

under present conditions.

3.3 THE INLET JETTIES

The inlet jétties, particularly the north jetty, have had a
very pronounced effect on the hydrography of the area. Ihso—
far as the Ocean City beach frontage is involved, the north
jetty has created a massive impoundment of sand which blankets

the most southerly mile of shore up to about Sth Street and to
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4 a lesser extent for another mile north up to about 22nd
Street. Over the 36-year interval, 1929-1965, the mean
high water line 6ver the first mile advanced seaward an

average of 420 feet, and over the second mile, an average’

of 102 feet. Over this same 36-year period interval, the
off~-shore area in the first mile accumulated over 1,000,000
cu. yd. between the MHW and the -20 foot contours. (These-

éhanges resulting from the installation of the north jetty

are discussed in more detail in preceding paragraphs.)
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t-i The impoundment of material by the north jetty has, of course,

benefited the Ocean City beach to the north of the jetty and

-

has also benefited the inlet navigation channel by preventing-

some of the material from moving into the inlet. The north jetty-

has not, however, impounded all of the southward moving lit-
toral drift, and much has moved into the inlet. Once in the
inlet, the tidal currents in the inlet have tended to moveA
£he material seaward to form an outer bar, and landward to
form shoals in the bay area immediately behind the inlet.
These bars and shoals have, of course, necessitated the dredg-
ing of the inlet navigation channel from time-to-time. (The
inlet opened by natural causes in 1933, and the north jetty
was built in 1934 - the south jetty in 1935. The north jetty
presently has an elevation of +9.6 ft. MLW and £hé south jetty

an elevation of +6.0 ft. MIW.)

The inlet navigating channel is maintained by the U. S. Army
Corps of Engineers at a depth of about 10 feet MLW. As of
1971, the Baltimore District of the Corps reported that the

maintenance dredging required was, on the average, about 63,000

cu. yd. per year to maintain a 10-foot channel. The material from

the dredging has been placed in selected areas in Sinepuxent

Bay and, to a lesser extent (about 40,000 cu. yd.), on the

beach front north of the north jetty. The shoal areas of

B,1-38-

TRIDENT ENGINEERING ASSOCIATES, INC.

. : . ) '- -,



{4 the outer bar and in the bay areas behind contain significant

quantities of the sand which was moved into the inlet by the

littoral drift of sand and then deposited in the bars and

- shoals by the action of the tidal currents in the inlet.

3.4 JETTY EFFECT ON ASSATEAGUE ISLAND

Although the inlet has provided a valuable navigation feature
to the Ocean City area and provided a better exchange of the
waters 6f the ocean with the waters of the bays behind Fenwick
and Assatague Island, the inlet has had a disastrous effect on
the northly three of four miles of Assateague Island. The
sand that moves southerly along the Ocean City frontage moved
directly onto Assateague Island before the inlet opened in
1933. This sand - something in excess of 150,000 cu. yd.

per year - was able to sustain the northern end of Assateague
Island on essentially the same shore face alignment as Ocean
City. However, since the breakthrough of the inlet in 1933

and the construction of the jetties in 1934-35, very little

sand has been able to move south past the inlet. This has
resulted in a massive erosion of the shore face of the northerly

three or four miles of the island. 1In fact, at a point on

the shore two miles south of the inlet, observations {(Gawne)

show that the beach face retreated about 800 feet between

the years 1943 and 1963, or at an average rate of 40 feet
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J, per year. During the same 20-year period, the shore at a

point scven miles south of the inlet - not fet influenced

by the inlet - rétreated only about 150 feet, or an average
6f about 6.5 feet per year. This massive retreat of the
northerly three miles of the island has almost resulted in
the flanking by the tidal flow of the west end (the shore |
end) of the southvjetty and, in fact, permitted a large bréak-
through of this sector of the island during the March 1962
storm. This breakthrough, or breach,.was filled in as part

of emergency work following the storm, and the sputh jetty

was extended landward (to the west) by 700 feet in 1964 to

lessen the chance of flanking the landward end of the jetty.

Thus, it is seen that the northerly three or four miles of
Assateague Island have suffered severe erosion due to the
inlet and jetty complex. The island shores further sputh
have not yet felt the effect of the inlet as these shores
to the south have, up to the present, been fed by the sand
eroded from the northerly three or four miles of the island.
It can be expected, however, that the erosive effect will
be felt further and further to the south as times goes on.

unless some type of corrective measure is taken.
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4.0  POSSIBLE LMPROVEMENT MEASURES

4.1 GENERAL

The continuing erosion of the shore face in front of Ocean
City makes it advisable to initate steps to stop the erosion

or to protect, in some way, the ciﬁy from severe damages
resulting from the continuing erosion. The Federal government,
acting through the Baltimore District of the U: S. Army Corps
of Engineers, is now making a comprehensive study of the ero-
sion problem at Ocean City; and it is anticipated that within
the next five or ten years, a reasonably permanent solution

to the city's problems resulting from shore erosion will be
resolved by a cooperativeproject between the city, the state,
and the federal governments. The purpose, then, of this study
being made by Trident Engineering Associates for the State

of Maryland is to define the various possible alternative
measures which would be taken by the state anpd the city to
serve as interim measures of protection until the more perma-.
nent solution resulting from the Baltimore District's study

is forthcoming. Most of the alternatives, which will be des-

cribed below, will then be cast in the frame of interim

measures to carry through for the next five or ten years until

more permanent measures are taken. It is quickly recognized

that some of the plans described below could not be considered
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as interim measures. However, they are presented to give an
order of magnitude of costs and time involved in the various

types of possible solutions to the Ocean City erosion situation.

In describing the alternative measures, the advantages and
disadvantages of the measures will be described, as well as

the manner in which they would combine with the more permanent

‘solution which will probably be put forward by the Corps of

Engineers. In view of the importance of the Corps of Engineers
study and proposals to the present study, it is advisable
at this time to describe the present status - as Trident under-

stands it - of the Corps study.

4.2 THE CORPS OF ENGINEERS STUDY

The Corps of Engineers study is, as stated above, being made
by the Baltimore District of the Corps. Ihfdrmation obtained
by Trident in meetings with the Baltimore District show that
the District is well along with formulating what will probably

be its recommended solution to the Ocean City erosion problem.

The probable solution is given in several degrees of protection,

i.e.,'protection from storms of a violence specified in terms
of recurrence intervals. Storm recurrence intervals of 100

years, 50 years, 20 years, and 10 years are considered in
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{4 the District's planning. The 1l0-year storm is the least

viovlent of the four.

For storm protection and shore erosion control combined, the
District envisions as its main feature of protection, the
widening and raising of the shore front by various degrees by
placement of sand from other sources to provide the required
protection. The defense against the 100-year storm reguiring,
of course, the greatest volume of sand placement and the 10-

year storm the least. The details of the present thinkihg

- of the District as to their probable plans is given in more

detail in Appendix A to this report, which was furnished Tri-
dent Engineering in March 1979 by the District. Each plan
inclues not only the first cost but an annual maintenance
cost for replacement of sand at the rate it is estimated to
be eroded from the shore face. Under these four plans, a steel
sheet pile hulkhead also would be a feature in the present

boardwalk frontage.

In addition to the four plans for both storm protection and

shore erosion control, the District is considering four plans

for only shore erosion control. These plans would not raise

the beach berm as high as the storm protection plans nor

would they include the bulkhead at the boardwalk. These four

"shore erosion only" plans are shown in Appendix A.
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J 4.3 INTERIM MEASURES

of the following:
1. Sand replenishmént of the shore;'

Bulkheads or seawalls to prevent erosion past the location
of the bulkhead or seawall;

3. Revetments placed on the beach face;

Groins to trap sand against the beach face and slow the

rates of loss by littoral drift;
5. Off—shore detached breakwater parallel to the shore;

6. Sand back-passing;

Shifting (bulldozing) the sand up to the higher levels of

the beach face.

The following sections of the report will describe the possible
adoption of the various alternatives to the needs of Ocean City.
Each of these alternatives has advantages and disadvantages,

which will be included in the descriptions.

4.3.1 Sand Replenishment

Much of the difficulty at Ocean City is due to the narrowness

of the beach face due to the continued erosion of the shore
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face. As shown in Table 1, the MHW line retreated an average

of 86 feet over the northerly seven miles from 1929 to 1965.

Table 2 shows another 28 feet of retreat during the next 14
years (1965 to 1979). This is a total retreat of 114 feet
over the past 60 yeérs. It is evident that the replacement

of at least part of the lost sand would aid in protecting

/
$

the shore.

In connection with the emergency work undertaken by the Federal

government after the March 1962 storm, a beach cross-section

was developed which was considered to provide protection against

a 1l0-year storm along this area of the Atlantic Coast by the

_construction of a "dune”" crest for the section, 20 feet wide

at +12 feet MLW elevation. In front of this dune crest is a

berm 30 feet wide at crest elevation of +10 feet MLW. From

the front edge of the berm, the beach slope is carried seaward

"on a 1 on 20 slope until it intersects the existing beach

profile. This 30-foot wide berm is a "minimum" width; a 50~
foot width of berm is much more desirable. Where there is

an existing seawall or substantial bulkhead, the berm height
could be reduced to +7.0 MLW and the +12-foot dune eliminated.
Preliminary calculations indicate that the amount of sand

required to establish a 30~foot beach with a +10~-foot berm ‘
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4 and a +12-foot dune over eight miles would be in the order
of 1.5 to 2.0 million cubic yards. Widening to a 50-foot

berm would add about another 30% to the quantity of initial

fill.

The additional sand required to maintain the replenished shore

would probably be in the order of 150,000 cu. yd./year. Actually

the maintenance requirements might be more than the 150,000
cu. yd./yr. due to the fact that the offshore areas has been
progressively deepening over the past 100 years or more and
1s probably now in what could be called a "non-equilibrium"
condition. This condition might cause a semi-permanent move-
ment of sand off the replenished beach face into deeper water
and thereby increase the maintenance requirements beyond the
150,000 cu. yd./yr. indicated. The additional amount of sand
that would be moved offshore in this fashion‘cannot be predicted
from the present state-of-the-art and could be determined
only from field experience. Possibly the 150,000 cu. vd./year
figure should be increased by 50% (to 225,000 cu.yd./year)

to provide a basis for estimating maintenance cost on the

widened beach.

The advantages of this plan are ds follows:

1. It would increase the recreational beach area, and present
!
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types of beach use could be continued with very little

interference.

2. It would provide a buffer to protect the backshore from

damage during a moderately severe storm (a 10-year storm).

3. The plan would meld easily with the probable Corps of

Engineers plan as it is basically the same as the plans

most seriously considered by the Corps for recommendation.

The disadvantages of this plan are:

1. The plan does not protect the backshore against a storm
of medium severity or greater (l5-year storm or greater).
This is particularly true if only the 30-foot berm width
were adopted.

2.

The yearly maintenance figure for new sand required to

maintain the shore is uncertain. It might conceivably

be much more (100% or more) than the 150,000 cu.yd./year

first quoted as a basic figure in the preceding paragraph.
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almost entirely on the cost of obtaining, transporting, and
placing required sand fill on the beach. This cost in turn

depends on the location or locations of the sand to be used

for.replenishing and maintaining the beach.

4.3.2 Use of Very Long Groins

Groins are intended to stabilize the shore by trapping sand

between the groins and by decreasing the rate of littoral

drift causing losses from the shore. The exact manner in

~which groins function is imperfectly understood even at this

. date, and design is principally empirical. Considering the

success of the north jetty (which also acts as a groin) in

impounding sand and protecting and stabilizing the shore for

~at least one mile to the north, a rather final solution would
" be to build groins some 800 to 1000 feet in length at one

- mile intervals over the Ocean City frontage and to approxi-

mately the same elevation (+9 ft. MLW) as the north jetty.

The groin would probably be of rock mound construction. This

plan would essentially stop all sand movement along nine miles

of beach and restrict sand movement to circulation within each

one-mile section.
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p’Due to the thinness of the beach over much of the present
frontage, sand would have to be supplied initially to each

compartment so that even when the sand was impounded mainly
against the soﬁth groin, sufficient protective beach width
would remain at the north end of the compartment to provide
the necessary protection to the back-shore areas (the areas
behind the dunes and boardwalk). The stable fillet angle
ié about 5° as measured in the first mile (section.l). This
fill would take about 425,000 cubic yards for each of the
eight one-mile sections north of the first mile; this would
.be a total of some 3,400,000 yd3 of initial fill for the
northerly eight miles to be placed between the groins. This
£fill would be absolutely required in this plan, otherwise
the northerly end of each mile section would be eroded 200 feet

or more back into the backshore by the time the mile section

adjusted itself to the 5° fillet angle.

The advantages of this plan are as follow:

1. The erosion of the shore would probably be stopped

or reduced to a very low rate;

2. Maintenance costs would be low;

It would increase the recreational beach area and the

present types of beach use could be continued with little
interference; :
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{4. The groins could be designed to provide recreational

fishing along the outer portions.
The disadvantages of this plan are:

1. It would have a very high first cost;

2. It would not meld with the probable plan to be recom-

mended by the Corps of Engineers;

3. It would permanently eliminate the passage of littoral
drift past the north jetty. This could conceivably benefit
the navigation channel in the inlet but haé a high poten-
tial for continuing damage to Assateague Island. This
-may intréduce certain legal aspects into this plan of

improvement.

4.3.3 Use of Long Groins

. By long goins are meant groins extending out to about the

- 6 ft MLW contours. This would require groins some 400 to
500 feet in length or somewhat over double the length of the
jpresent groins. These groins would, in effect, be in keeping
with the article on groins in the Shore Protection Manual

(see Appendix B).
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The profile of the basic groin consists of an initial horizon-
tal'section at elevation +10.0 MIW acrosé the beach berm, or
at the location of the desired beach berm, a sloping section
following the normal beach profile slope to about the mid-tide

line, and a horizontal section at about mid-tide level out

to the ~6 foot contour. The grbins could be constructed of

wood piling, steel piling, or stone. Treated wood piling or

stone is generally preferred due to the difficulty in main-

taining steel piling against rust and abrasion in the saltwater-

sand movement environment.

These groins would be from 400 to 500 feet in length and pos-

sibly longer depending on local conditions. In view of the

desire to widen the beaches as a protection against storms

and for more recreation area, the 450-foot length should

probably be used for estimating purposes..

The spacing of the groins is another factor to be considered.

The Shore Protection Manual (par. 5.664) makes a very'definite

recorhmendation in italics that

"The spacing between groins should equal two or three times

the groin length from the berm crest to the seawdrd end."”
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JUsing a berm width of 30 feet, a 450 foot groin would have a
length, berm crest to seaward end of about 420 feect.

Using the most liberal spacing of three times the working
length of 420 feet, the recommended groin spacing would be
1260 feet, or four groins per mile, or about 32 groins for the

eight miles of shore in most need of improvement.

The sequence of construction is also of concern. There are two
bossibilities: One is to build all the groins (or a great
number of them) at one time; the other is to build the groins
in sequence starting from the downdrift end (the south end

in this case) of the proposed groin field. In this latter
case, the concept is that the first groin would be built

and then permitted to "fill" to capacity, i.e., to accumulate
its complement of beach sand, and then build the second;

and so on northerly up the beach in sequence. Each groin
would have to trap about 47,600 cubic yard to be "full". With
an estimated littoral drift rate of 150,000 yrslyr, the rate

of groin building under this plan would be somewhat less than

ing over 10 years for the 32 groins would be indicated. This
time 1s possibly unrealistic in terms of the needs of the com-

munity.
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{4 The plan for long groins becomes more realistic if it includes

a plan for initial filling of the beach area between any two

groins with sand when constructed in order to permit the rapid

-

construction of groins. This would require the placement of

about 47,600 yd3 in the 1,320-foot beach spacing between

adjacent groins. This would then require sandfill of about

190,000 yd® per mile or about 1,525,000 yd® for the entire

éight miles covered by the 32 groins.

The advantages of this plan are:

1. A rather permanent solution to the shore erosion problem
at Ocean City would result.

2. Groin maintenance costs under normal condition would be
moderate, assuming well-constructed groins.

3. Beach maintenance costs would be moderate as the groins
would act to retain most of the beach sand in its own
beach compartment.

4.

The recreational area on the beaches would be increased

and the present type of beach uses could be continued

with little interference.
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The disadvantages of the planbare:

Protection against 10-year storms would be attained over

all the shore face and against about 25-year or greater

o -l . =
K j |

storms for those portioné of each compartment which hap-

pended to be widest when the storm struck. {(Normally,

‘.
)

this widest portion would be the southerly part of each

compartment.)

- s

The plan would not be counter to the Corps‘ probable

plan.

The first cost would be high,

If too many years were involved in adopting the Corps plan,

much of this plan might be accomplished before the Corps

began work.

i
-

}

The passage of littoral drift to the south past Ocean
City would be essentially permanently eliminated. This
could conceivably benefit the navigation channel in the
inlet, but has a high potential for continuing damage

(with certain legal implications) to Assateague Island.

-l NN g .
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4 4. A large storm (50-year storm or greater) might, in one
event, pull enough material out into deep water offshore
to leave the beach face again exposed to wave damage.

Replacement of this sand might be necessary.

4.3.4 Use of Short Groins

Very short groins are considered as groins about 200 to 225 feet
in length and extending to seaward not past the -2-foot, MLW
contour. These are goins of the type which have been installed
at Ocean City over the past few years. As pointed out above,
it has been found impossible - with existing data - to deter-
mine quantitatively the degree to which the existing groins
have had a beneficial effect on the shore. Local observers

and shore front owners may well be convinced that the existing
groins have had some degree of beneficial effects, but it does
not seem possible to identify these effects quantitatiﬁely

and to state that with the groin this happened and without the

groin this other thing would have happened.

In view of this lack of certainty, or the inability to assign
a positive quantitative benefit to these existing groins, it
does not seem practicable to recommend a plan using this type

of groin. If evidence can be obtained to identify the beneficial
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{ effects of this type of groin, then it would, of course, be .
possible to evaluate a plan using the very short groins. l

-

Aé pointed out abéve, the present groins do not meet the standard%l
given in the Shore Protection Manual in terms of length or '
spacing. The use of short groins could probably be considered
as reasonable if the groins extended to at least the -4 foot

contour and had a spacing not over three times the working

- Sy oS
:

length (the length from the berm crest to the seaward end)

of the groin. This would call for groins in the order of 325
feet in length and spaced not over 900 feet apart. (The present
"standard" groin at Ocean City has a length of 201 feet and

the average spacing is 1510 feet. The present average spacing

_ \ :
-y ..

has little meaning, however, as the 28 existing groins have

very irregular spacings.)

Thus, a plan using short groins can be envisioned which would

involve lengthening by about 125 feet the 28 existing groins

5

and constructing 19 new groins to give groin lengths of about
325 feet and average spacings of 900 feet. The groin construc-
tion should be supplemented by beach fill as needed to proauce
at least a 30-foot berm width at the +10-foot MLW contour.

The amount of beach fill needed would be in the order of 1.5
million cubic yards, the same as indicated for the "sand

replenishment only" plan above.
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t#‘T%e advantages of this plan are:

1. It would increase the recreational beach area, and present
types of beach uses could be continued with very little

interference;

2. It would provide a buffer to protect the back-shore from

damage during a moderately severe storm (a 10-year storm);

3. The plan would meld easily with the probably Corps of
Engineers plan as it is basically the same as the plans

most seriously considered by the Corps for recommendation.

4. The rate of annual beach nourishment would be reduced
to possibly one-half of that required under the beach

replenishment plan alone.

5. The groins would reduce localized erosion fluctuations
below the fluctuations which could be expected with

sand replenishment alone.

The disadvantages of this plan are:

B-l —57—
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1 1. The plan does not protect the backshore against a

storm of medium severity (l5-year storm or larger).

2. The first cost is considerably more than for the "sand
replenishment alone" plan due to the cost of 28 groin

extensions and 19 new groins.

3. A severe storm (25-year or greater return frequency)
might severely erode the shore face and necessitate a

massive sand replenishment program.

4.3.5 Use of Bulkhead

Bulkheads are vertical structures placed well upon the face

to intercept wave attack and protect the backshore. They are

under wave attack except by storm waves. They are sometimes
considered to be the last line of defense, which comes into
play only afﬁer rather severe erosion has taken place on the
beach in front of the bulkhead. Pilings are the usual form

of construction; pilings of wood, steel, and reinforcéd concrete

are frequently used.

F—
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J The present bulkheads under or alongside the boardwalk of

chan City represent a standard use of bulkheads in shore
front areas. In fact, the forthcoming Corps of Engineers'
plans will probably include a bulkhead along the boardwalk
area of the shore. The depth to which the bulkhead pilings
are to be driven is important as the assumption must be made
that a substantial portion of the sand against the seaward
face of the bulkhead will be eroded away by wave action during
a severe storm. Also, the seaward toe of bulkheads are some-
times protected by quarry rock of sufficient size to prevent
complete undermining and collapse of the bulkhead during
sevefe storm wave attack. One of the Corps of Engineers
alternatives will probably be a bulkhead with quarryurock

protection at the toe and sand fill in front of the bulkhead.

For the interim needs of Ocean City, a sheet pile bulkhead
driven along the seaside or landside of the boardwalk should
be considered. Due to the difficulty of placing quarry rock
to protect the seaward-toe of the bulkhead, this featﬁre could
be omitted from the interim plan and the piling driven to a
deeper elevation to compensate somewhat for the lackiof toe
protection. Some form of tiebacks should be incorporated in
the plan to prevent the wall falling seaward in event of severe

loss of sand from the seaward face of the wall.
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J The top elevation of‘the piling should be about +14 feet MLW
(the elevation of the present boardwalk), and the piling should
be carried at least to MLW and very poséibly to a deeper ele-
vation to guard against undcrmining of the bulkhead. .The
pPlacing of additional sand in front of the bulkhead would

be deferred in view of the fact that the bulkhead plus the
sand mass on the existing beach would probably be sufficient
to protect against a l0-year storm. However, when the sand
mass seaward of the bulkhead and above the mean low water
line decreased in cross—secfion to less than 1100 sq. ft.,
steps should be taken to rebuild the shofe to at least the

1200 sq. ft. cross-section.

The bulkhead plan would be most obviously suited to the board-
walk frontage but could be adapted to the several Miles of
beach between the north end of the boardwalk and the Maryland-
Delaware line. Along these sections of the shore, the bulkhead
would be located about 175 feet to 200 feet shoreward of the
existing mean low water. Adjustment of the bulkhead line

could be made to fit local conditions although gross irregu-

larities in the bulkhead location should be avoided.

Advantages of this plan are:

1. There would be very little disturbance of the existing

beach uses.
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1.

First cost would be much lower than the costs of a number

of the other possible plans.

Maintenance costs of the bulkhead would be low, presuming
that the bulkhead was constructed of material of suitable
strength and durability. Reinforced concrete piling is

probably a suitable candidate for this adaptation.

Some of the frontage in the boardwalk area may already be
protected by a bulkhead of sufficiently rugged design
so that new bulkhead construction along these frontage

sections would not be required.

The present shore processes in the area would not be dis-
turbed, thus the action would not have an adverse effect

on Assateague Island.

Disadvantages of this plan are:

The bulkhead alone would not prevent further degradation

of the beach in front of Ocean City.

If steel sheet piling were selected for the bulkhead con-
struction material, coatings would have to be applied
and aggressively maintained on any exposed portion of

the steel.
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u 3. The plan does not fit well into the probable Corps of

Engineers plan except for the boardwalk area.

4.3.6 Partial Bulkhead Plan

This plan would be identical to the preceding plan except
that the bulkhead would be constructed only as needed. In
this plan, the bulkhead line fdr sections north of the board-
walk would be selected and monumented. Whenever, in a section
of beach frontage, the beach cross-section seaward of the bulk-
head line and above the mean low water line becomes less than
1500 square feet, then the bulkhead would be constructed along
that frontage. 1In this way, the bulkhead would be ceonstructed
only in those sections having an immediate need for the pro-
tection. The possibility exists that in this way the Corps

of Engineers plan might be put under construction before

substantial lengths of the bulkhead were constructed.

The advantages of this plan are the same as for the ptreceding

plan, plus the following:

1. Only those sections of the bulkhead most needed would be

constructed before the Corps of Engineers plan was under-

taken.
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The disadvantages of this plan are the same as for the pre-

ceding plan, plus the following:

1. A degree of alertness on the part of the public officials
would be needed in order to detedt promptly any new beach

frontage which needed bulkheading.

2. A flexible budget would be required to ensure that new

bulkheading needs would be promptly funded.

4.3.7 Use of Seawalls

Seawalls are similar to bulkheads except that seawalls are
placed lower on the beach face and are designed to come under
wave attack on a daily basis and under severe wave attack
during each storm. Seawalls aré, therefore, much more massive
structures than bulkheads and, as a result, are very much
more costly to build. Costs of from $2,000 to $10,000 per
front foot are to be expected in seawall construction. Exam-
ples of seawall constrﬁction are the Galveston seawali to

defend against Gulf hurricanes and the seawall at Presidio

Beach near San Francisco.

In view of the very expensive nature of seawalls, no detailed
discussion and no plan will be described in this report as

they are not likely candidates for use at Ocean City as an
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J interim measure. Also, a seawall, when placed at or near

the mean high water line - as they frequently are, greatly

restricts the amount of usable beach area with easy access

to the water.

4.3.8 Use of Revetments

Revetments can be thought of as blankets placed in the dry
section of the beach to protect the upper sections of the
beach from wave erosion during storms. Revetments are of

two types:

° Rigid revetments - usually large concrete slabs’

placed or cast directly on the beach, or

[}

Flexible revetments - loose quarry stone or some

type of flexible construction such as interlocking

concrete blocks.

Revetments are more commonly used in semi-protected areas,
such as in bays or estﬁaries; however, there are exambles
of their use on oceanfront beaches. Revetments are partic-
ularly vulnerable to being undermined at the toe (the foot)
of the revetment, Thus, it is usually necessary to provide

some type of cutoff wall to protect the toe of the revetment.
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4 Many types of flexible revetments have been introduced into

the market in the past few years. Some of these utilize spe-
ciél shapes of iﬁterlocking concrete blocks. Other use special
cbncrete shapes glued to a plastic filter cloth. The plastic
filter cloth is a special plastic fabr%c with holes through

the plastic which are too small to permit the passage of sand

but large enough to permit the rather free movement of water

through the cloth.

A revetment for Ocean City could be visualized as a blanket
along the entire beach front {(except when bulkheads are
already in place) and extending from about the mean high water
line (+3.5 MLW) up to about the +10.0 MLW elevation. On a
1:15 slope, this revetment would have a wiéth 97.5 feet (say
100 feet). The revetment could be a rigid concrete pavement
or one of the flexible types of revetment. A fiexible revet-
ment of "Gobi" blocks fixed (glued) to a plastic filtér cloth
would be a candidate for the flexible type revetment. Both
types would require a cutoff wall to protect the toe éf the
revetment. The cutoff wall could be of wood, steel, or rein-
forced concrete sheet piling. The steel piling would have

to be maintained with a protective coating whenever it became

exposed on an continuing basis tq the atmosphere.
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|4 All beach revetments (except quarry stone) have the aspect

of not being able to localize a failure. Thus, if for some
reason there is a local failure, this failure tends to spread
guickly throughout the entire area. Therefore, it is usually
advisable tq.compartmentize the revetment by a system of cut-
off walls extending down into the ﬁnderlying sand. These
walls would be designed to restrict the spread of a failure

to its own compartment.

Another negative feature of revetment, in addition to the

one just mentioned, is the fact that the surface of the revet-
ment is usually so hard or rough that it would not be used
for sunbathing or relaxing on the beach. Of course, it would
be possible to place the revetment on a steeper slope than

the normal beach slope‘and then cover the lower part of the
revetment with sand. The lower portion of the revetment would
not then be exposed until storm waves eroded. the sand cover

and brought the revetment into play as a protective device.

Advantages of this plan are:

1. The normal shore processes are not disturbed to any great

extent by the presence of the revetment.

2. The initial cost of construction would be significantly

less than some other methods of shore protection.

.
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The loss of sand from the upper beach face is greatly
reduced by the revetment; the need for periodic replenish-

ment of sand to the upper beach face would be greatly

lessened.

Disadvantages of this plan are:

1.

4.

The revetment is vulnerable to rapid spreading of damage

and failure unless frequent containment walls are pro-

vided.

The surface of the revetment is not adapted to ordinary

beach uses unless provisions are made to cover the revet-

ment with sand.

The revetments do not protect the back shore from damage

during major storms.

3.9 Use of Intermittent Revetments

This plan would be similar to the previous plan using revet-
ments except that revetments would be constructed only along
the beach fronts most needing protection. This plan would -
involve first laying out a "holding"line along the crown of

the beach. This holding line would be the line where
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4 it was desired to defend against moderate storms (l10-year
or maybe 20-year storms). Then, wheneve; the beach cross-
seétion seaward of this line and above the mean low water
line became less than 1500 sduare feet, a revetment would
be placed on this section of the beach. Wingwalls to pre-

vent flanking of the revetment would be a feature of this

plan.

Advantages of this plan are essentially the same as the pre-

vious full revetment plan, plus the following:

1. Only those sections of revetment most needed would be

constructed before the Corps of Enginéers plan was under-

taken.

Disadvantages of this plan are"essentially the same as for the

full revetment plan, plus the following:

1. ‘A degree of alertness on the part of the public officials
would be needed in order to detect promptly any new beach

frontage which needed revetting.

2. A flexible budget would be required to ensure that the

need for new revetments would be promptly funded.
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t“ 3. Adequate wingwalls would be needed at the ends of the
sgements of revetment to ensure that the material is not

lost from behind the segments when under storm wave attack.

4.3.10 Use of Segmented Off-Shore Breakwaters

The use of an off-shore breakwater parallel to the shore should

be considered. A continuous breakwater would not be suitable

because it would completely eliminate the wave action on the

beach. This would rob the users of the attractive feature

of the light surf breaking on the beach. This, plus the very

high cost of off-shore breakwaters capable of withstanding

an impractical method of protecting the Ocean City beaches.
It might be possible, however, to develop a more reasonable

plan by using segmented‘breakwaters.

Segmented breakwaters are short sections of breakwaters placed

at such a depth that the ordinary shore processes are -changed

by the presence of the segments. Such breakwaters are some-

times referred to as detached breakwaters. These breakwater

segments affect the shore in two ways:

They create shore compartments which tend to retain

the sand within each compartment.
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° They intercept a portion of the wave energy; thereby
lessening the wave energy - and wave erosion capability

- of the waves reaching the shore.

There is still a substantial residual of waves reaching the
beach in this type of protection where beach users would not
be deprived of the enjoyment of swimming in the surf. How~
‘ever use of the shore for surfboard riders would probably

RY
be eliminated.

Segmented breakwaters permit a certain length of the wave
crest to pass between the segments and move on toward the
shore. These sections of the wave crest are then diffracted
és they tend to bend into the area protecfed by the break-
water segments. Thus, the wave crests reach the shore in a
curved arc which tends to reshape the beach in a succession
of cusps. In doing this, however, the waves lose théir
ability to transport the sand along the shore face in a con-
tinuous stream; instead, the sand tends to remain in its own
compartment. Examples of segmented beach projects are to be
found at Deerfield Beach, Florida; Presque Isle Park, Erie,

Pennsylvania; and Monte Carlo, Monaco.
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For a plan suited to Ocean City, the segments would be placed
in about six feet of water. The breakwaters could be built

as'rubble mound étructures or as caisson-type structures. 1In
ahy event, the breakwater segments would have to be of rugged

construction, designed to withstand the force of the full-

sized storm waves which could reach the structures.

The advantages of this plan are:

1. The erosion attack of the waves on the shore would be

greatly reduced.

2. There would be comparatively little sand lost from the
nearshore and beach area even during storms of consider-

able magnitude.

3. Surf conditions would be reduced, but not eliminated, .
on the Ocean City beaches; thus surf bathing could be

enjoyed more days per year than at present.

4. VYearly maintenance costs would be low if the breakwaters

were properly designed and constructed.
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4 The disadvantages of the plan are:

There would be very little sand moving south past the
present north jetty which could ultimately reach the
eroding shores of Assateague Island. The blocking of
the sand would have a beneficial effect on the inlet

navigation channel.
The first costs would be rather large.

The structure would benefit the probablé Corps of
Engineers plan but would not be an essential part of

this Corps plan.
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J 4.3.11 Use of Novel Breakwater Units

There have recently been put forward several novel types of
breakwaters which should be discussed with reference to Oceén
City. One of these are the floating tire breakwaters

made by tying or bolting together old automobile tire casings
in certain configurations and then anchoring these floating
mazes offshore. Here they act to reduce the wave heights

and thereby reduce the shore erosion potential of the waves.
These floating tire units have been tested in relatively shel;
tered water (waves not over 4 to 6 feet in height) in several
locations. While these units do reduce the wave heights some-
what, no way has yet been devised to prevent them frﬁm b;eaking

apart or keeping them anchored in strong wave action.

Thus, it does not appear that these units have any applicaton

on the Ocean City beach.

Other types of preformed units have been proposed and tested
to a certain extent. One of these is a Z-wall unit composed
of Z-shaped concrete units standing vertically and bolted

together to form a length of breakwater. They have not

proven stable under wave action on the Great Lakes where the
wave climate is not as severe as at Ocean City. Thus, they

would seem to have no application at Ocean City.
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twﬁmother unit Xnow as the “Shofprotector" consists of a series
of steel slats, with spaces between, mounted on a triangular
shaped steel A-frame. The units are about six feet in height,
base to apex of triangular frame, and are fabricated ashore-
and then placed off-shore by helicopter. Trials of the "surf-
breaker" concept at Virginia Beach, Virginia, showed them to

be unsatisfactory for use on open ocean beaches.

The novel unit showing the most promise at present is a
patented device called a "Longard Tube". It is a plastic
tube 4 or 6 feet in diameter and about IOO‘yards in length.
The tube is pumped full of sand while being held at its intended
site. The unit can be placed offshore in shallow water to
reduce wave action or at the base of a bluff‘to‘defend the

toe against wavé action. These Longard Tubes have not been
sufficiently tested for strength and stability in heavy wave
action to warrant recommending tﬁem except on an experimental
basis. One grave weakness is their susceptibility to vandalism
or to puncture by floating debris; this weakness has been

shown at a few of the experimental test sites.

"4.3.12 Use of Sand Back-Passing

By the term "sand back-passing” is meant a system which traps

the sand at the down-drift end of a littoral drift compartment-
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£ In the case at Ocean City, this would mean, under present con-~

ditions, trapping the southward moving littoral drift at the

north jetty and then, in some way, transporting this sand nine
Ailes north and placing it on the Ocean City beach near the
Delaware line. The present estimate of southward moving
littoral drift passing the north jetty is in the order of

150,000 yd?® per year; thus, a sand back-passing arrangement

would be expected to resupply 150,000 yd? or so to the beach

front of Ocean City.

Actually, the analysis on Table 2 shows that the present rate
of loss (1965 to 1979) from the shore between the mean high
water line and the -~ 20-foot contour is 308,000 yd3 per year,
or about twice the 150,000 yd3 of the possible sand back-
passing rate. Therefore, while sand back~passing would be
helpful it would not be the complete solution to the long-

term shore erosion problem at Ocean City.

This sand placement could contribute to decreasing the rate
of erosion and possibly serve as a sufficient measure during
the interim period until the Corps' program is undertaken.
This optimism is justified to a certain extent by the fact
that the sand losses between the mean high water line and the

- 10-foot contour for the northerly eight miles of the shore
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t&fveraged only 113,500 y:d3 per year for the recent l4-year
period. Thus, if the 150,000 yd3 available for back-passing
was placed at the more critical sections of‘the beach f:om
year to year, the present erosion tendency could possibly

be checked or certainly decreased.

There are two difficulties with this plan of back-passing:
First, back-passed sand would have to be pumped, or otherwise
transported, a distance of eight or nine miles, and second,

the permanen£ denial of this sand to Assateague Island might
cause some difficulty from a legal and environmental standpoint.,
It is to be recognized that the placement of 150,000 yd3 per
year over the northerly seven or eight would‘not be expected

to widen the beach or make it better able to withstand storm

would be to hold the beach front in its present position and
condition. Of course, if a separate sand supply was used
to rebuild the beaches as outlined above,the back - passed

sand could be used to maintain the replenished beaches as pre-

viously discussed.

Advantages of this plan are:

1. It would possibly maintain the beaches in their present

position unless a major storm struck the area;
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It would not interfere with present uses of the

beaches;

Maintenance of the inlet navigation channel would be

made easier.

Disadvantages of this plan are:

It would not significantly improve the present condition

of the beaches;

The sand transportation costs from the inlet to the
northerly few miles of beaches might be rather high

due to the distance involved;'

The sand would permanently be denied to Assateague Island, -
and this might create certain legal and environmental

problems.

4.3.13 The Use of Sand Bulldozing

The effect of bulldozing sand from the lower portions of the

Hdry beach to the upper portion is to gain an additional hour
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J or two of initial protection against the next storm.

3

recurrences would make this type of protection rather expensive,

and if the interval between storms was too short, there would
not be time to bulldoze sand up on the beach. Also, if the

storm was of such a duration that storm waves and high tides
coincided for a period of about five hours or more, the effect

of the bulldozing would probably not be significant.

The above, in effect, says that if the storm's waves lasted
only through one high tide, there Qould'be some benefit from
the bulldozing, but if the storm lasted through two high tidés
the effects of bulldozing would probably not be sighifiéant.

A study of probable storm durations at Ocean City would be
needed to enable the relation between costs and benefits to

be established relative to»sand bulldozing. A study of storm

durations at Ocean City was not available at the time of this

preliminary report.
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5.0 PERTINENT STATEMENTS

In arriving at the analyses and developing the plans given in

this preliminary report, the assumption has been made that the

' data made available to the writers was sufficiently accurate

for use in the analyses. In view of the scope of the study,
no attempt was made to check the accuracy of the basic data

as long as the data was from a seemingly reliable source.

Another factor of concern is the long-term and short-term
implications of the significant deepening of the waters close
in-shore at Ocean City. This eroding condition is discussed
previously in this report. The analysis and discuséion ‘show
that there has been a massive loss of sand from the in-shore
waters (inside the -30 foot contour) over the past 130 years
which is out of préportion to the landward shift of the mean
high water lines. This condition results in an increased
potential for destructive erosion of the beach face during

a prolonged storm. Thg full implications of this massive in-
shore erosion, particularly erosion seaward of the -10 foot
contour have not been considered in this present report as
the report is directed primarily to interim measures for
Ocean City. The Corps of Engineers forthcoming study can be
expected to address questions of long-term tendencies and

long-term solutions.
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r‘Some of the alternative plans described in this report — such
as the very long groin plan outlined above — are not intended
to represent interim measures. Rather, they are included

to show the considerable difference between a possible per-

at Ocean City.

Within this report, the details of the various alternative

pPlans are not developed fully. More detailed development

will be made of the alternatives selected for further study

by CRAC and DNR.

Certain quantity calculations used in describing the alternative
plans used figures based on the COfps' 1965 survey. These
figures will be revised in the next phase of this report to
reflect the conditions shown on the Corps' 1979 report. This
1979 report did not become available to the writers until

after a considerable number of critical calculations had already
been made using the.l965 survey and time has not permitted

the adjustments of these figures to the 1979 survey. The

revisions to utilize the 1979 survey are not expected to produce

significant differences from the present report.
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' APPENDIX A

INFORMATION SHEET - OCEAN CITY, MARYLAND
PLANS OF IMPROVEMENT FOR BEACH EROSION AND
HURRICANE PROTECTION FROM OCEAN CITY INLET TO
MARYLAND-DELAWARE LINE

Furnished by: U. S. Army Corps of Engineers
District Baltimore

The alternative plans of protection for Ocean City provide for
beach erosion control and hurricane protection for the 100
"year, 50 year, 20 year, and 10 year storm levels. The plans
considered consist of widening and raising the beach along
the entire reach from 10th Street to the Maryland-Delaware
lire plus creating a dune line from the end of the boardwalk
to the Maryland-Delaware line and constructing a steel sheet
pile bulkhead from the end of the boardwalk to several blocks
south of 10th Street, depending on the degree of storm pro-~
tection desired. Figure 1 indicates the four plans of pro-
tection investigated.

Each widened beach will have a 50-food wide berm with the
foreshore slope from the seaward edge of the berm to exist-
ing ground on a slope of 1 on 20. The wider beach will pro-
vide a larger area for recreation and also a larger area over
which wind generated waves may be dissipated. A steel sheet
pile bulkhead with concrete cap would be constructed on the
beach side of the boardwalk. A bulkhead is recommended in
this reach instead of a dune because the wide base of a dune
would limit the usable recreation area. A sand dune above
the level of the boardwalk would also cause clean-up problems
from wind blown sand. In the event of severe scour, the bulk-
head is protected by a stone revetment buried in the sand at
and elevation of 4 feet above mean low water. The revetment
is composed of 500 to 1000 pound stones restlng on a woven
plastic filter cloth.

Between North Division Street and the North Jetty, the beach
is of sufficient width to dissipate wind generated waves,
therefore, the bulkhead or beach flll is not required in this
section.
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J The centerline of the dune construction from 27th Street to
the Maryland-Delaware line will be located 25 feet east of
the Building Limit Line. The dune crest would be 25 feet
wide with the sideslopes of 1 on 5. A slat type sand fence
will be established on the crest of the dune to catch wind-
blown sand, affording an even higher degree of protection,
and to prevent human traffic from crossing the dune at unspe-
cified points. The dune will be stabilized by beachgrass.

These combined beach erosion control and hurricane protection -

Ssections will provide a minimum beach width of about 190 feet,
170 feet, 150 feet, and 130 feet for the 100 year, 50 year,

20 year, and 10 year storm levels, respectively, between the
bulkhead or the seaward toe of the dune and mean high water.

In addition to these four plans of protection, four plans

that would provide only for erosion control (no storm pro-
tection) were investigated. Figure 2 indicates the four plans
investigated. These plans will not include dunes or steel
sheet pile bulkheads for storm protection but will consist

of beach widths of 190 feet, 170 feet, 150 feet, or 130 feet.

Because the natural wave and storm action at Ocean City will
continue to erode and remove sand from the beaches even-after
construction of one of the eight plans described, it will

be necessary to periodically nourish or replace this sand
from an outside source. This quantity is currently estimated
to be 100,000 c.y. per year. Periodic nourishment would be
accomplished every two to three years. In order to reduce
the annual cost of this periodic nourishment, .insure a supply
of suitable beachfill for nourishment, and prevent any of

the eroding beachfill from shoaling in the inlet a deposition
basin and a weir-jetty extension to the north jetty will be
construction (sic). The function of this system is shown on
.Figure 3 and described in Inclosure 1.

In addition to periodic beach nourishment, fertilization and
replacement of dune grasses, and bulkhead maintenance is re-
quired. Table 1 indicates. the first costs and maintenance
costs of each of the eight plans considered. These costs
are broken down into a Federal share and a non-Federal share
and are based on March 1977 price levels.

Note: Source of beacﬁfill is an offshore shoal area located

just south of the south jetty and about 1/2 mile off-
shore.
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Inclosure 1

SAND BACK-PASSING/BY-PASSING SYSTEM
AT OCEAN CITY INLET

Waves arriving at an angle to a shoreline generate a longshore
current which picks up sand set in suspension by the breaking
waves and carries this sand along the shoreline (longshore
transport) to nourish downdrift shoreline segments. Upon
Yeaching an inlet, the tidal forces of the inlet interrupt
the longshore transport and results in the sand in trans-

port 1) entering the inlet and forming interior shoals 2)
being jetted offshore and forming an offshore shoal and 3)
naturally by-passing the inlet to nourish the downdrift shore-
line. 1If processes 1) and 2) predominate, then, severe ero-
sion will occur on the downdrift shore adjacent to the inlet.
Stabilization of an inlet by jetties increases the interrup-
tion of the longshore transport by causing sand to accumulate
on the updrift side of the updrift jetty, at least until this
area fills to capacity and the normal processes described
above resume.

In order to avoid adverse shoreline erosion downdrift of a
jettied or unjettied inlet, mechanical sand by passing can

be utilized. This process simply involves obtaining- an amount
of sand equal to that being transported along shore updrift

of the inlet and depositing this amount of sand on the shore-
line downdrift of the inlet thus re—establishing the longshore
transport system. Sources of sand for by-passing are usually
1) inlet interior shoals 2) inlet ocean shoals or 3) sand

that is trapped by the inlet jetties.

It is evident that Ocean City Inlet and its stabilizing jetties
(particularly the North Jetty) is interferring with the long-
shore transport system along the shoreline of Ocean City,
Maryland, and Assateague Island, Maryland, and has resulted
in the shoreline recession of the Northern end of Assateague
Island. As part of the Baltimore District's recommended plan
of improvement for Ocean City, Maryland, in the interest of
erosion control and hurricane protection, an 1,100 foot weir-
extension to the North jetty is being proposed along with

a 500,000 c.y. deposition basin as shown on Figure 3. The
purpose of this system is to trap sand eroding from Ocean
City's beaches for use as periodic nourishment to maintain -
the beaches after they are widened by an initial beachfill
operation. This system operates as a "back-pass" system in
that sand will be re-cycled along Ocean City's beaches. The
periodic nourishment requirements for Ocean City's beaches
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is estimated at 100,000 c.y. per year. Since the annual fill-
ing rate of the deposition basin is estimated to be greater
than 100,000 c.y. per year, there is the potential for sand

being available for by-passing to the Northern end of Assa-
teague Island.

Accordingly, in the engineering plan developed for erosion
control and hurrican protection for Assateague Island for

the National Park Service, it is recommended that sand be
by-passed from the deposition basin to the Northern end of
Assateague Island to accomplish a portion of the periodic
nourishment requirements for Assateague Island. 1In the event
the engineering plan for Assateague Island, as developed by
the Corps of Engineers for the National Park Service, is not
authorized and constructed, but the Ocean City plan is author-
ized and constructed with the weir-jetty and deposition basin,
an amount of sand should still be available for periodic by-
passing to Assateague Island if desired. Detailed study is

needed to determine that actual amount of sand that will be
available.
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Figure 5-8. Illustration of a Typical Groin

"5.66 DIMENSIONS OF GROINS

The length of a groin is determined by the distance to
depths off-shore where normal storm waves break, and by how
much sand is to be trapped. The groin should be long enough
to interrupt enough material to create the desired stabiliza-
tion of the shoreline or accretion of new beach areas. Dam-
age to downdrift shores must be considered in determining
the groin length. For functional design purposes, a groin
may be considered in three sections: (a) horizontal shore

section, (b) intermediate sloped section, and (¢) outer
section."

"5.664 Spacing of Groins. The spacing of groins in a con-
tinous system is a function of the length of the groin and
the expected alignment of the accretion fillet. The length
and spacing must be so correlated that when the groin is

B,3 B-2
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APPENDIX B

The following are excerpts quoted from the Shore Protection
Manual, Volume II, U. S. Army Coastal Engineering Research
Center, 1977, Third Edition.

"5.6 GROINS

5.62 DEFINITION

A groin is a shore protection structure designed to build
a protective beach or to retard erosion of an existing or
restored beach by trapping littoral drift. Groins are usually
perpendicular to the shore and extend from a point landward
of predicted shoreline recession into the water far enough
to accomplish their purpose. Groins are narrow, and vary
in length from less than 100 feet to several hundred feets
Since some of the littoral drift moves in the zone landward
of the normal breaker zone (for example about. the 6~-foot con-
tour on the Atlantic coast), extending a groin seaward of
that depth is generally uneconomical. The normal breaker
zone for the Gulf coast and less exposed shores of the Great
Lakes ranges from 3- to 4-foot depths; more exposed shores
of the Great Lakes approach the 6-foot depth. The Pacific
coast ranges from 7- to 1l0-foot depths depending on exposure.”

"5.65 GROIN OPERATION

The typical groin, illustrated in Figure 5-8, extends
from a point landward of the top of the berm to the normal
breaker zone (for instance, the 6-~foot depth contour on the
Atlantic coast). The predominant direction of wave attack
shown by the orthogonals will cause a predominant movement
of littoral drift."” '

B.3 B-1
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"filled to capacity, the fillet of material on the updrift
side of each groin will reach to the base of the adjacent
updrift groin with a sufficient margin of safety to main-
tain the minimum beach width desired or to prevent flank-
ing of the updrift groin. ...As a guide to the spacing of
groins, the following general rule Is suggested: The spac-
I'ng between groins should equal two to three times the
groin length from the berm crest to the seaward end."

B.3 B-3
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SUMMARY SHEET FOR COSTS FOR ALTERNATIVE METHODS
OF BEACH RESTORATION AND MAINTENANCE

This summary sheet has been prepared for use by the Coastal »
Resources Advisqry Committee (CRAC) group in selecting the two
or three beach restoratidn plans to‘be studied in greater
detail by Trident in the f?nal phase of the project. The
details for the alternative methods of beach restoration are
contained within Trident's preliminary report, "Interim Beach

Maintenance at Ocean City", pages 44 to 77. Each alternate

method is referenced to the specific page in the preliminary
report. Costs are expressed in 1978 dollars with no allowance

for inflation. They can be considered as relative figures

only.

A. Sand Replenishment

This method implies the pumping or hauling of sand of proper
gfain size to the beach face from an "outside source". Pos-

sible gources are off-shore deposits or from.Ocean éity Inlet
" or bays if sand is of proper grain size. (Referencé; Page 44 of
Preliminary Report.)

® Quantity — Requirement_forvinitial beach profile of
a minimum 30-foot berm width is 1.5 to 2.0 million cu.,
yd. Annual replenishment estimated to be 150,000 to
225,000 cu. yd./year.

B.4 -1~

TRIDENT ENGINEERING ASS0OCIATES, INC.



3

® Costs — The cost for hydraulic dredging is estimated to
be approximately $4.00/cu;yd. which.is based on the latest
(1978) costs iﬁcUrred-by the Corps of Engineers for dredg-
ing 60,000 cu. yds. from the.Ocean City Inlet with a 12"

section line dredge, piped 3/4 mile distance, and placed

on Assateague Island. Large volume dredging has been bid -

at lower costs tu the Corps, ranging from $1.77 - $.77
cu. yd. for quantities in the range of 3.5 to 1.5 million
cubic yards. However, it should be noted that the costs .
per cubic yard are entirely dependent upon the source of

the material and the distance that it is to be pumped or

hauled.
° Initial‘cbsts — 1.5 million cu. yd.
@ $4.00/cu. yd..... eeeree....$6,000,000.00
° Annual Replenishment — 150,000 cu. yd.

@ $4.00/cu.yd......... ecse-%...5600,000.00

® pdvantages of Sand Replenishment Method

1. It would increase the recreational beach area, and.
present types of beach use could be‘continued with

- very little interference.

?
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th 2. It would provide a buffer to protect the backshore

from damage during a moderately severe storm (a 10-

year storm){

3. The plan corresponds with the probable Corps of
Engineers plan as it is basically the same as the
plans most seriously considered by the Corps for

recommendation (see Appendix A of report).

® Disadvantages of Sand Replenishment Method

1. The plan does not protect the backshore against a
storm of medium severity or greater (15-year storm
or greater). This is particularly true if only the

30-foot berm width were adopted.

2. The yearly maintenance figure for new sand required
to maintain the shore is uncertain. It might con-
ceivably be much more (100% or more) than the 150,000

cu. yd}/year estimate.

B. Very Long Groins

Stone groins, 800 to 1,000 feet long at one-mile intervals.

(Reference: Page 48 of Preliminary Report.)

Il

2
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® Quantity — Eight groins would be required for the nine

miles of Ocean City beach front.

Costs ~ No acfual costs dre available for construction
of groins of this size. However; the 15th Street 80-foot-
stone groin extension constructed in 1978-79 at Ocean City
cost the city $77,000.00 to install themselves. These
cost figures were received in oral communication with

Mr. Leonard M. Larese-Casanova of the Shore Erosion Con-
trol Program of DNR. The only commercial bid received
for this proposed construction was for $110,000 ($llb,000
for an 80-foot stone groin would be $l;375 per linear foot).
It is estimated that a 1,000-foot stone groin would cost
at least 2.5 times the lineal foot unit cost considering
the increased cross-section widths of the groin base and

a higher vertical profile that would be needed for the
groin to fﬁnction properly in deeper water. Using the
unit cost of $1,375/lin. ft. x 2.5 as a conservation fig-
‘ure for the increased size, a 1,000-foot groin wogld cost
$3,438/1in. ft. or $3,438,000. In addition, a total of
3,400,000 cu. yds. of sandfill would be need to keep the
northerly end of each mile section from eroding. The cost
of dredging the sand from off-shore deposits is estimated
at $4.00/cu. yd. for the 3,400,000 cubic yards or
$13,600,000 for dredging.
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Dredging..ccieeceescecacesns ceeeseans .+.5$13,600,000.00
Construction of eight groins........ ... 27,504,000.00

Estimated Total Cost..-..-..-.--..-~---$4l,104,000.00

® Advantages of Very Long Groin Method

1. The erosion of the shore would probably be stopped or

reduced to a very low rate.
2. Maintenance costs would be low.

3. It would increase the recreational beach area and the
present types of beach use could be continued with

little interference.

4. The groins could be designed to provide recreational

fishing along the outer portions.

® Disadvantages of Very Long Groin Method

1. It would have a very high initial cost.

2. It would not meld with the probable plan to be fecom-

mended by the Corps of Engineers.

TRIDENT ENGINEERING ASSOCIATES, ING.



3. It would permanently eliminate the passage of littoral
drift past the north jetty. This could conceivably
benefit the navigation channel in the inlet but has a
high potential for continuing'damage to Assateague

Island.

Long Groins

Groins 400-500 feet in length constructed of wood, metal,

or stone. (Reference: Page 50 of Preliminary Report.)

® Quantity — 32 groins would be required with a spacing of

approximately four groins per mile.

® Costs — The construction of long groins would be higher
in linear footvcos£s than the short groins presently built
at Ocean City as the extra length would require wofking in_
‘deeper water, out to about theA—6 fobt contour. The latest
cost figqgures (1978) for a 201—foot groin construction at
Ocean City was $58,604.00 including engineering design
($292.00 per linear foot). Assuming a 50% increése for

the longer groins in deeper water, this would amount to

$438.00 per linear foot. A 500-foot groin would thus cost
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approximately $219,000. Thirty-two groins would be needed
to maintain the proper spacing within the eight miles of
beach in need of protection — 32 x $219,000 = $7,008,000.

For maximum and immediate protection, the groins should

be filled with sand. It would require approximately 2.0

million yd?® to f£ill all eight groins. Dredging from off-

shore deposits @ $4.00 yd? for 2.0 million yd3 =
$8,000,000.

Dredging..eeeceeeeesecceecscasasecenseeass 8,000,000.00

Construction of eight groins............ 7,008,000.00

Estimated Total Cost...... e ee bt e ree s $15,008,000.00

® advantages of Long Groin Method

1. An assumed permanent solution to the shore erosion prob-

lem would result.

.2. Groin maintenance costs under normal conditions would

be moderate, assuming well-constructed groins..

3. Beach maintenance costs would be moderate as the groins

would act to retain most of the beach sand in its own

beach compartment.

B.4 -7-. ‘ i
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4. The recreational area on the beaches would be increased

and the present type of beach uses could be continued

with little interference.

5. Protection against 10-year storms would 5e attained over

all the shore face and for 25-year or greater storms for

" those portions of each compartment which happened to be.
widest when the storm struck. (Normally, this widest

portion would be the southerly part of each compartment.)

6. The plan would be compatible with the Corps' probable
plan.

® Disadvantages of Long Groin Method

1. The initial cost would be high.

2. Much of this plan might be accomplished'at State expense

before the Corps began work, in the event that the Corps

selects the same plan.

3. The passage of littoral drift to the south past Ocean
City would be essentially eliminated. This could con-
- ceivably benefit the navigation channel in the inlet,
but has a high potential fér continuing damage to

Assateague Island.

’
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4. A large storm (50-year storm or greater) might, in one
event, pull enough material out into deep water off-
shore to leave the beach face again exposed to wave

damage. Replacement of this sand might be necessary.

Short Groins

Groins 325 feet in length. (Reference: Page 55 of Preliminary

Report.)

® Quantity — 47 groins total - 19 new groins plus extension

to 325 feet to the 28 existing groins.

® Costs — Using the 1978 construction costs of $292.00 per

linear foot for the 201-foot groins most recently built at
Ocean City, it is estimated that a 325-foot groin would
increase the linear foot cost by 15% or $336/1lin.ft. For 19
new groins, this amounts to $2,074,800. Extension of 125 |
.feet to the existing 28 groins would be épproximately
$1,175,odo.oo. To ensure. proper protection to the shore
front, beach fill of approximately 1.5 million cu. yds.
should be added, same as for the sand replenishment method.

At $54.00/cu. yd. x 1.5 million yd3 = $6,000,000.00.

Dredging....v.v.oeeeeena.. Gt et eee e $6,000,000.00
Construction of 19 new groinS..cecessseee 2,074,800.00

B-% —9—
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125' extension to 28 existing groins..... $1,176,000.00

Estimated Total Cost....ccvciveeveenes...$59,250,800.00

-

T e Advantages of Short Groin Method

1. It would increase the recreational beach area, and pres-
ent types of beach uses could be continued with very

little interference.

2. It would provide a buffer to protect the backshore from

damage during a moderately severe storm (a l0~year storm).

3.. The plan would be compatible with the probable Corps of
Engineers plan as it is basically the same as the plans

presently receiVing the most consideration by the Corps.

4. The rate of annual beach nourishment would be reduced to
possibly one-half of that required under the beach replen-~-

ishment plan alone.

5. The groins would reduce localized erosion fluctuations

below the fluctuations which could be expected with sand

replenishment alone.

® Disadvantages of Short Groin Method

1. The plan does not protect the backshore against a storm
of medium severity (a 15-year storm or larger)-
' (
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2. The first cost is considerably more than for the "sand
replenishment alone" plan due to the cost of 28 groin

extensions and 19 new groins.

3. A severe storm (25-year storm or greater return fre-
guency) might severely erode the shore face and neces-

sitate a massive sand replenishment program.

E. Bulkheads

Short pile bulkhead without rock toe protection for interim

protection. (Reference: Page 58 of Preliminary Reporﬁ.)

® Quantity — Variable distance, dependent upon the struc-
tures that are intended to be protected. Assume 6,100
linear feet for boardwalk area planned for bulkheading in

Corps plan.

L4 Cbsts — The Corps plan (Appendix A of Preliminary Report).

has 10,. 20, 50, and 100-year hurricane protection and ero-
sion control plané. In oral communication with Cbrps
personnel, their lO—yéar plan calls for a 6,100 linear
foot bulkhead with rock toe and concrete cap for the
boardwalk section at a total cost of $2,598,000.00 or
$425.00/1linear foot. The current cost estimate is

$13.00/sg. ft. for steel sheet pile bulkhead without

B.4~11- !
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the rock toe and concrete cap. Using this figure for the

interim bulkhead, which should be a minimum of 14 feet

high, results in a linear foot cost of $182.00. ASéume

6,100 feet of bulkhead x $182.00 = $1,110,200.00.

\

Advantages of Bulkhead Method

1.

There would be very little disturbance of the existing

beach uses.

First cost would be much lower than the costs of a num-

ber of the other possible plans.

Maintenance costs of the bulkhead would be loy, presum-
ing that the bulkhead wés constructed of material of
suitable strength and durability. Reinforced concrete
piling is probably a suitable candidate for this adapta-

tion.

Some of the frontage in the boardwalk area may already
be protected by a bulkhead of sufficiently rugged design
so that new bulkhead construction along these frontage

sections would not be required.

The present shore processes in the area would not be-

‘distrubed, thus the action would not have an adverse

effect on Assateague Island.

B.4-12~ f
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® pDisadvantages of Bulkhead Method

1. The bulkhead alone would not prevent further degradation

of the beach in front of Ocean City.

2. If steel sheet piling were selected for the bulkhead con-
~ struction material, coatings would have to be appliea and
aggressively maintained on any exposed portion of the

steel.

3. The plan does not fit well into the probable Corps of

Engineers plan except for the boardwalk area.

Partial Bulkhead Plan

(Reference: Page 62 of Preliminary Report.)

b Quantity — Quantities to be determined as needed for the

protection of individual sections.
® Costs — Same as for bulkhead method.

® aAdvantages of Partial Bulkhead Method — Same as for the

bulkhead method, plus the followingi

1. Only those sections of the bulkhead most needed would

be constructed before the Corps of Engineers plan was

L

undertaken.
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® Disadvantages of Partial Bulkhead Method — Same as for the

bulkhead method, plus the following:

1. A degree of alertness on the part of the public officialsl

would be needed in order to detect promptly any new beach

frontage which needed bulkheading.

2. A flexible budget would be required to ensure that new

bulkheading needs would be promptly funded.

. Seawalls

More massive structures than bulkheads and placed lower on

the beach face;

® Quantity — To be determined as required for maximum protec-.

tion of property.

® Costs — Dependent upon size and type of material used in
construction but ranging from $2,000 to $10,000 per front

- foot.

Revetments

Blanket of various types of material laid on the beach and
covered with sand.on the lower part of the section. (Reference:

Page 64 of the Preliminary Report.)

‘B.4d ~14-
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® Type — A revetment (European technique) consisting of rock

and asphalt mastic {(a mixture of sand, mineral fiber, and
asphalt) was installed in Michigan. Report on this project
states that the revetment performed well in the one year

since its construction. No other data available.

Cost — The revetment installed in Michigan cost $71.00 per

linear foot on a 24-foot width of beach. Due to the nega-
tive visual aspects of a revetment structure on the Ocean
City beach, further cost analyses were not made for total
or partial coverage éf the beach front. See disadvantages

listed below.

® Advantages of Revetment Method

1. The normal shore processes are not disturbed to any great

extent by the presence of the revetment.

2. The initial cost of construction would be significantly-

less than some other methods of shore protection.

3. The loss of sand from the upper beach face is greatly
reduced by the revetment; the need for periodic replen-
ishemnt of sand to the upper beach face would be greatly

lessened.
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® pisadvantages of Revetment Method

1. The revetment is vulnerable to rapid spreading of damage

and failure unless frequent containment walls are pro-

vided.

2. The surface of the revetment is not adapted to ordinary

beach uses unless provisions are made to cover the revet-

ment with sand.

3. The revetments do not protect the backshore from damage

during major storms.

I. Intermittent Revetmentsv

Same as preceding plan. (Reference: Page 67 of Preliminary Report.)

® Advantages of Intermittent Revetment Method — Essentialiy

the same as the full revetment method, plus the following:

1. Only those sections of revetment most needed would be
constructed before the Corps ofvEnginéefs plan was

undertaken.

® Disadvantages of Intermittent Revetment Method — Essen-

tially the same as for the full revetment method, plus the

4

following:
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1. A degree of alertness on the part of the public offi-
cials would be needed in order to detect promptly any

new beach frontage which needed revetting.

2. A flexible budget would be required to ensure that the

need for new revetments would be promptly funded.

3. Adequate wingwalls would be needed at the ends of the
segments of revetment to ensure that the material is

not lost from behind the segments when under storm wave

attack.

Segmented Off-Shore Breakwaters

Structure off-shore to break the wave energy. (Reference:

Page 69 of Preliminary Report.)

® Quantity -~ See page 69 of Trident's Preliminary Report for

possible locations.

® Type - There are numerous types of breakwaters ranging
from simple wire~covered stone mounds to massive steel

reinforced concrete structures.

® Costs — May range from a low at $250.00 per linear foot
to over a thousand dollars per linear foot dependent upon

material used in construction, size of structure, and depth

of water in which placed.

B,4-17-
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£ ® Advantages of Segmented Off-Shore Breakwater Method

l.

The erosion attack of the waves on the shore would be

greatly reduced.

There would be comparatively little sand lost from the
nearshore and beach area even during storms of consider-

able magnitude.

Surf conditions would be reduced, but not eliminated,
on the Ocean City beaches; thus surf bathing could be

enjoyed more days per year than at present.

" Yearly maintenance costs would be low if the breakwaters

were properly designed and constructed.

® Disadvantages of Segmentéd Off-Shore Breakwater Method

1.

There would be very little sand moving south past the
present north jetty which could ultimately reach the
eroding shores of Assateague Island. The blocking of
the sand wouldihave é béneficial effect on the inlet

navigation channel.
The first costs would be rather large.

The structure would benefit the probable Corps of
Engineers plan but would not be an essential part of

this Corps plan.
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JIL Novel Breakwater Units

Same purpose as outlined in preceding segmented off-shore

breakwater method. (Reference: Page 73 of Preliminary Report.)

g Types — Several types investigated were:

" ° A breakwater which consists of automobile tires
bolted together and either left to float in waves

or are anchored to the bottom;

A breakwater which consists of a series of steel
slats mounted on a triangular-shaped steel "A"

frame base;

A breakwater composed of Z-shaped concrete units
bolted together to form different lengths of break-
waters.

Based on previous tests, none of the above appear to be
suitable for the Ocean City beach protection plans. One
unit that has been successfully tried in other areas of
shallow water is the Longard Tube. This consists of a
plastic tube four to six feet in diameter filled with sand.
It may be worthwhile to try on an experimental basis at

Ocean City. '

~® Costs — Prices range from $25.00 to $90.00 (1975 prices)
per linear foot, dependent upon source of sand to fill the

plastic tube and other installation factors. Mobilization

costs are extra.
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No advantages or disadvantages are listed as this system has
not yet been proven to be able to determine its usefulness

-

at Ocean City.

Sand Back-Passing

TrappinQ sand at the down-drift end of littoral drift, such as at
the north jetty of Ocean City, and then pumping or hauling the-
sand back to replenish the beach area. This method could be

used to maintain the beach once the proper beach crosé-section

is established such as outlined for paragraph A., "Sand Replen=-

ishment". (Reference: See page 74 of Preliminary Report.)

® Type — Use of the present north jetty to trap and impound
littoral drift sand. Hydraulic dredging to pump sand back

to northern eight miles of beach.

® Quantity — 150,000 yd?® pumped onto beaches from impound-

ment.

® Cost — Dredging coSts have previously been‘estimated at
$4.00/yd? baséd on a reasonable distance of pumping or
hauling the sand to the beach areés. Distributing the
dredged sand over an eight-mile section of beach would
possibly increase the $4.00/yd3 cost when it is obtained-
from one central location instead of from off-shore sites

closer to the beach areas.
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Dredging...ceeeeeseersorinceceanannens $600,000.00
15% additional for extra costs....... 90,000.00
Estimated Total Cost..ceceeene e e .$690,000.00

® Advantages of Sand Back-Passing Method

1. It would possibly maintain the beaches in their present

position unless a major storm stuck the area.
2. It would not interfere with present uses of the beaches.

3. Maintenance of the inlet navigation channel would be made

easier.

® pisadvantages of Sand Back-Passing Method

1. It would not significantly improve the present condition

of the beaches.

2. The sand transportation costs from the inlet to the
northerly few miles of beaches might be rather high due.

to the distance involved.

3. The sand would permanently be denied to Assateague

Island.
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M. Bulldozing

Pushing sand from lower section of beach at low tide level

onto upper portion of beach. (Reference: Page 77 and pages 33-

34 of Preliminary Report.).

® Costs — According to Ocean City officials, bulldozing
costs were $465,315.00 for the winter period 1977-1978.

The quantity of sand bulldozed was not known.

® Advantages of Bulldozing Method

1. Gains protection of beach for a short period of time
against a forthcoming storm. If storm is of short
duration, beach will be maintained until next storm of

a longer duration.

© Disadvantages of Bulldozing Method

l. A temporary measure lasting only between storms that

have sufficient intensity to last through two high

tide cycles.
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4 1.0  INTRODUCTION

This report has been prepared by Trident Engineering Associates
of Annapolis, Maryland, for the Energy and Coastal Zone Admin-
istration of the Department of Natural Resources (DNR), State

of Maryland, contract no. C15-79-440. This is the final report
for this project. A preliminary report was prepared on July 19,
1979 for presentation to the Coastal Resources Advisory Committee
(CRAC) and DNR. A summary sheet consisting of estimated éosts
for alternative methods of beach restoration and maintenance

was prepared on July 25, 1979 for presentation to the CRAC group
and DNR representatives at a meeting held on July 30, 1979 at

Convention Hall, Ocean City, Maryland.

Trident Engineering presented the findingé of the preliminary
report and the summary sheet to the CRAC group and DNR repre-
sentatives ét the Ocean City meeting. They selected fhree
alternative measures to be studied in greater detail; the

details of these are contained in this report.
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# 2.0 PURPOSE AND SCOPE OF STUDY

Trident Engineering was contracted by the State of Marylaﬁd,
Department of Natural Resources, to perform a study to evaluate
existing information and techniques relating to shore erosion
control and beach maintenance. The purpose of the study is to
assist the State in developing an approach for beach maintenance
at Ocean City that could be implemented on an interim basis
prior to_the establishment of the U. S. Army Corps of Engineers
project. The Baltimore District, U. S. Army Corps of Engineers
proiect,~"Plans of Improvement for Beach Erosion and Hurricane
Protection from Ocean City Inlet to Maryland-Delaware Line", is

not anticipated to be implemented for five to ten years from

this date.

As stated in the contract for this éroject, this is a study
"...to evaluate existing information and techniques fbr shore
egosion control and beach maintenance which are applicable to
Ocean City...". The scope of this contract:did not permit
field measurements to check the accuracy of available data.
Consequently, when performing the analyses and developing the
plans described in this report, the assumption has been made
that the available data was sufficiently accurate for use in
the analyses. This is considered a reasonable assdmption.

This data consists mainly of shoreline and off-shore depth

B,5 ~2-
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4 chahges as computed from beach profiles performed by the U. S.
Coast and Geodetic Survey and the U. S. Army Corps of Engineers
for the years 1850, 1929, 1947, 1965, and 1979. Other data
and the estimated costs contained within this study are

referenced to their sources.
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J 3.0 SELECTED ALTERNATIVE METHODS FOR BEACH RESTORATION

The three alternative methods for interim beach restoration at

Ocean City evaluated by this report are:

° S8hort groins (groins between *250 to 350 feet in length);
° Long groins {(groins between 1400 to 500 feet in 1ength){

° Beaéh £ill, or sand replenishment.

3.1 HYDROGRAPHIC DETAILS

To detefmine the proper length and profile for the recommended
groins, it is necessary to define the water dépths and beach
and bottom profiles-from the dune line out to about the -8 foot
or -10 foot mean low water (MLW) depth. Average profiles from
the dune line oﬁt to‘thé -10 foot depth were establisﬁed from
the 1965 and 1979 surveys made by the Baltimore District of

the U. S. Army Corps of Engineers.
In all, four average profiles were established for the northerly

eight miles of shorefront, consisting of two average profiles

for each of miles 2-5, and for miles 6-9 (see Figure 1).

B.5-4-
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M The two. average profiles established for ecach mileage section
consist of one profile from the 1965 and one profile from the
1979 Corps of Engineers surveys. To obtain each average pro-
file, the mean high water (MHW) position on each profilé was
assumed as zero point, and all profile ?oints were referred

to as being so many feet seaward, 6r shoreward, of the zero

point. To compare the profile shapes, all four average pro-

files were then plotted with the MHW point as a common start-
has been 32 feet over the l4-year interval, 1965-1979.

On each profile, distances from the zero point MHW were deter-
mined to the "crest of dune", to the MLW point, and to the -4,
-6, -8, and -10 foot MLW points. In cases where a swale or
sand bar was located offshore causing a selected depth point
seaward point was used in deriving the average. The "crest of
dune" measurement required some judgement in selection and,

generally, the most seaward prominent break in the profile was

file.

B.5 -6~
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of the 1979 MHW point, as the average erosion of the MHW contour

(say -4 feet) to appear more than once on the profile, the most

used, which was not alwasys the highest point shown on the pro-
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£ The locations of the -4 and -6 foot depths are of the most
interest since these are the depths planned for the short and
long groins respectively. The distance from the MHW point to
where the profiles crosses the -4 and -6 foot'depth are out-
lined below:

1965 SURVEY

Distance from Miles Miles Miles 2-9
MHW Point 2-5 6-9 Average

To -4 foot depth - 200 feet 238 feet 219 feet

To -6 foot depth 392 feet 324 feet 358 feet

1979 SURVEY

Distance from ‘Miles Miles Miles 2-9
MHW Point 2-5 6-9 Average

To -4 foot depth 172 feet 65 feet 119 feet

To -6 foot depth - 262 feet 282 feet 272 feet

Recapitulating the average figures for the eight miles, 2-9,

we find:
Distance from
MHW Point 1965 1979
To -4 foot depth 219 feet 119 feet
To -6 foot depth 358 feet 272 feet

These figures show the migration shoreward of the offshore con-
tours in the 1965-1979 interval, as reported in Trident's Pre-

"liminary Report dated July 19, 1979. 1In this migration, the

B.5=7-

TRIDENT ENGINEERING ASSUOCIATES, INCG.



J -4 foot contour has move shoreward an average of 100 feet, and

the -6 foot contour an average of 86 feet when referenced to
the relative location of the MHW line. However, it should be
noted that the actual average movement shoreward over the four-
teen years, 1965 to 1979, was an additional 32 feet,iés the
MHW line has retreated shoreward an avefage of 32 feet between

1965 and 1979.

3.2 LENGTH OF GROINS

In view of the changes between 1965 and 1979, a decision was -
needed as to which set of depth points, 1965 to 1979, is to
govern the selection of the length of the groins. The use of
the 1979 distance of 119 feet for the short groin (to -4 foot
depth) would'result in a groin possibly tdo short to effectively
retain the sand between the groins. The -6 foot depth distance
(272 fet) in 1979 is only 53 feet seaward of the -4 foot depth
distance (219 feet) in 1965. Thus, a design based on a groin
extending 215 féet from the MHW point could be considered as a
"short" groin baséd on the 1965 survey and a "long" groin based
on the 1979 survey. In view of the ahove analysis, the follow-~
ing is recommended to be adopted as the distance from the MHW

point to the seaward end of the groins:

B.5 -8-
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MHW to Seaward End

For short groins — 215 feet

For long groins — 350 feet
The 350 feet for the long groins is the average 1965 distance

from the 1965 MHW line to the -6 foot MLW depfh in that year.

3.3 BERM HEIGHT

The determination of the berm height is important as it controls
the ‘elevation of the inshore horizontal section of the groin. The
berm is normally placed at the eleVatioh of the upper limit of
wave run-up accompanying moderate storms, not severe storms.

A study of the profiles of 1965 and 1979, particularly those

in Mile 1 north of the jetty which have not been disturbed by
bulldozing, indicates that the natural berm elevationlis about
+10 feet MLW. Many of the profiles show some elevations above

+10 feet; however, to set the groin elevations (up to 15 or 16

feet) would not be advisable as the groin crest would then, in

ﬁany cases, form an obstruction to persons walking along the
upper part of the beach. Also, these higher elevations seem

— in many cases — to be dunes created by wind action rather
than the true berm created by wave action. 1In view of the con-
ditions as described above, +10 feet MLW will be used as the
berm elevation and the shoreward horizontal section of the berm

is recommended to be set at that elevation.
B.5 ~-9-
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J 3.3.1 Slope from MHW to Beach Berm and "Working" Length

From MHW up to the seawaid edge of the berm, the groin is
usually constructed on a slope to conform to the natural beach
slope. An anlysis of the position of the seaward edge of the
befm in the northerly eight miles of the shore indicates that
the average slope of this section of the beach (MHW to crest

of berm}) is very close to 1 on 10. Adopting this as the design

slope and recognizing the difference in elevation between the

MHW line (4+3.5 feet MLW) and the berm at +10 feet MLW (a dif-
ference of 6.5 feet), the sloping section of the groin would
end at a point 65 feet shoreward of the MHW point on the pro-

file.

The “working" length-of the groin is considered to be its length

from this seaward edge of the berm to its seaward end. For the

recommended groin lengths previously discussed with the additional

length to conform to the sloping contour "working" lengths, the

groins are recommended to be:

Working Length of Groins

Short groins — 215 + 65 = 280 feet
Long groins — 350 + 65 = 415 feet
B.5 —~10-
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3.4 GROIN SPACING

The "Shore Protection Manual" (See Appendix B of Preliminary
Report) recommends that the spacing of the groins be two to
three times the working length of the groin. Using the higher
figure, the groin spacing (and number required for eight miles

of frontage) would be:

® Short groins — 280 x 3

840 feet (50 groins);

° Long groins =— 415 x 3 1245 feet (34 groins),

It should be recognized that the 28 existing groins in the

northerly eight miles can probably be modified by extending
them in length and be used as part of the number of groins

needed under either of these two plans.

3.4.1 Length of Shoreward Horizontal Section

The beach between two adjacent groins can be expected to orient’
itself to a position parallel to the wave crests arriving at
the beach. This will cause the beach to be wider agaihst one
groin than it is at the other . At Ocean City, the wave action
can be expected to produce a "wide" beach at the southerly end
of a groin pocket, and a "thin" beach at the northerly end.

The design of the groins, then, must ensure that the wide beach

is contained at the southerly end and that the thin beach at

B.5 -11-
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A the northerly end still has suffiéient width to provide some
degree of storm protection. (Note: A series of storms out of the
.south would probably reverse the alignment in beach orientation between
the groins, but the design which fbilows automatically provides for this

condition.)

The critical factors in determining the "offset" in the beach
between the north and south end of a groin pocket is the dis-
tancé between the groins and the stable angle of beach alignment.
This angle is very difficult to compute with assurance but can
readily be measured if a local sand impoundment condition exists.
Such a condition exists north of the North Jetty at Ocean City.
Measurement of the filled impoundment nqrth of the jetty indi-
c_ateS an angle of about 6° as the stable angl.e.’ For the recom-

mended groin spacings, the "offset" width of the beach between

two groins would (with tan 6° 0.105) be:

90 feet;

W

® ghort groins ~ tan 6° x 840

Ie

° Long groins - tan 6° x 1245 130 feet.

These two figures show the magnitude of the beach "offset" align-
ment within the pocket between two adjacent groins. If we assume
that the thin side of the pocket should not be seaward of the
existing position of the beach face, then enough beach fill must

be placed inside the pocket to provide the "offset" indicated.

B.5 —12-
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4 Additionally, the horizontal berm section of the groin must

extend seaward a sufficient distance to contain this offset.
Thus, the +10 feet horizontal shore section of the groin must
extend seaward at the +10 feet elevation by QQ feet (for the
short groin) aﬁd 130 feet (for the long gfoins) from the exist-
ing position of the cfest of the berm. Also, this section of
the groins should extend shoreward from the crest of the berm a
sufficient distance to prevent flanking of the groin during a

storm event. The shoreward extension from the crest of the berm

should be at least 50 feet unless the shoreward end is pro-

tected by a bulkhead.

3.5 GROIN PROFILE: SHORT GROIN-

With the information previously developed, it is now possible
to construct the groin profile. The only feature feméining

to be selected is the elevation of the crown elevation of the
seaward horizontal section of the groin. The "Shore Protection
Manual" indicates the seaward horizontal section of low groins,
which are the type being considered for Ocean City, should have
an elevation that will permit overtopping by storm waves or

by waves at high tide. Thus, the elevation of the groins should
be at or near the elevation of MHW, which is +3.5 feet MILW. 1In
'order to be sure that swimmers, boaters, or surfers can see the
groins under most tidal coﬁditions, it would seem reasonable to

B.5 -13-
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place the crown of this outer section at about +4.0 feet MLW,

which is one-half foot above MHW. The use of this higher eleva-

tion (+4.0 instead of say +2.5 feet MLW) will also make construc-

tion easier.

The short groin profile based on the above calculations is shown

in Figure 2. The overall length of the groin (allowing a 50-foot

penetration inshore from the crest of the berm) would be 330 feet.

The 90-foot seaward extension of the +10 foot horizontal sec-
tion may appear unnecessary; however, it is very much needed
if the thin section of the trapped beach is to be maintained

at least at its present location.

3.6 GROIN PROFILE: LONG GROIN

The profile of the long groin is almost identical with the pro-
file of the short groin (Figure 2) except that the long groin
extends seawa:d an additional 135 feet. Thus, the overall
leﬁgth of the long groin is 465 feet compared to 330 feet for
the short groin. Also, the long groin requires a further exten-
sion seaward of the +10 horizontal shore section, 130 feet as
contrasted to 90 feet for the short groin. This additional
40-foot extension of the berm section is due to the wider spac-
ing of the long groins, but does not change the seaward position

of the long groin.
B,5-14-
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Overall Groin Lengths

length * Length
of Horizontal Iength of Horizontal Total
Berm Section of Sloping Seaward Section Groin
at +10 ft. MIW Section . at +4 ft. MIW Iength
Short Groins 140 ft. 65 ft. 125 ft. 330 ft.
Long Groins 180 ft. 65 ft. 220 ft. 465 ft.

*This length includes the 50-foot shoreward extention to prevent
flanking of groins. '

3.7 FILLING THE GROINS

Filling the groins is the process, natural or man-made, by which
the areas betﬁeen édjacent groins are filled with sand to estab-
lish the designed beach condtions in each beach pocket between
adjacent groins. As previously discussed, the beach pockets
between adjacent groins will tend to align themselves at about

a 6° angle with the present shoreline.. If no new sand is placed
in the pocket, the beach will tend to rotate horizontally about
a point midway between adjacent groins. This rotation will
result in the "thin" end of the pocket (probably the north end)
eroding back into the shore in such a way that the crest of

the berm will retreat landward about one-half of the "offset"
distance. The distance of erosion is calculated to be about

45 feet for the short groins and 65 feet for the long groins.
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4 This amount of erosion would probably cause some damage to the

backshore, even under nonstorm conditions, and would probably
permit severe damage under storm conditions. This type of dam-

age can be avoided by:

® Building the groins successively, starting at the south
end of the beach and not building the second groin until
the first groin had filled with sand from littoral drift,
and not building the third groin until the second groin

had filled, etc.;

o Artifically filling the groih pockets with the required

amount of sand as soon as each adjacent groin is built.

The first method would permi£ an average of about three long
groins to be built each year, or about eleﬁen years to compléte
the installation of the 34 groins. A somewhat shorter time
(probably seven or eight years) would be required for the pro-

gram of 50 short groins.

Under the artifical fill method, the groins could be constructed
as rapidly as practicable provided the beach pockets between

£he groins were filled with sand immediately following construc-
tion. Using the average beach profiles and beach fill cross-
section for the 1979 contour (as shown on Figure 2), the esti-

mated £ill needed for each groin pocket is:

B.5~-17-
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M ° Short groin - 20,120 yd4s {total for 50 groins = 1,006,000 yd3);
® Long groin - 45,027 yd?® (total for 34 groins - 1,531,000 yd3).

(Note: Figure 2 shows the cross-section of sand fill for the short and long
groins that would be contained on the filled side of the offset. The
average amount of sand contained within each groin pocket would be
less than depicted in the drawing.)

3.8 GROIN CONSTRUCTION

Groins are usually constructed of wood sheet piling, steel piling,
concrete piling, or quarry stone. There are certain parameters

of limitation for each type material as described below.

® Wood Sheet Piling

Generally a satisfactory material if the piling has been
treated propérly against marine borers and is properly
designed to withstand the differential pressures due to
the sand line standing higher on one side than the other
side, and also to withstand the differential wave pres-

sures caused by waves approaching at an angle.

® Steel Sheet Piling

Has a considerable strength advantage over wood piling,
but has a severe rusting problem in salt water areas

(éxcept in cold water). Coatings to prevent rusting are

B.5~18-

TRIDENT ENGINEERING ASSOCIATES, INC.



-

needed in temperate and tropic waters, and the maintenance
of these coatings is very difficult at the sand line in

the surf zone.

Concrete Piling

Concrete piling (which always regquires reinforcement) suf-
fers from fatigue cracks caused by the constant bending
back and forth of the piling under wave a£tack. Unless
very massive pilings are used, these fatigue cracks will
develop sufficiently to permit the salt water to pénetraﬁe
and rust out the reinforcing steel. This failure mode can

be prevented by properly prestressing the piles.

Quarry Stone

This is a suitable construction material but possibly has
abhigher initial cost than the other material, although
if properly designed, will have a low maintenance cost.

Three features of design are necessary:

1. The armor stone and underlayer stone must be of proper
mass and shape to desist displacement under severe

storm waves;

2. An impermeable core must be provided to prevent the

movement of sand through the groins; and

B.5"19-
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3. A bedding layer, or filter layer, must be placed under
the structure to prevent the core material and quarry

stone armor from sinking into the bottom.

3.8.1 Groin Construction Features

The construction features of typical groins are shown on Figures
3 through 6. These plates are copied from the "Shore Protection

Manual" of the Corps of Engineers.

® Figure 3 shows a timber pile groin at Wallops Island,
'Virginia, which is similar in construction design to the
groins recently constructed at Ocean City. The size and
penetration of both the sheet piling and the supporting
round piles would have to be-designed against local con-
ditions, considering both the differential sand loads and

differential wave loads.

® Figure 4 shows a cantilever steel sheet pile groin. Note
that stone is used to help support the piling and that

this piling is in the fresh waters of Lake Michigan.

® Figure 5 shows a prestressed concrete sheet pile groin

alongside a pier in the Los Angeles area.
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® Figure 6 shows a quarry stone (rubble-mound) groin oh Long
Island. This particular groin does not have the profile
recommended for Ocean City but does have the same construc-
tion features. Assuming a storm surge elevation of 3.5
feet and-a tide elevation of +3.5 feet MLW, the depth at
the outer end of the long groin could be in the order of
17 feet during a severe storm. This depth would permit
waves aé high as 13.5 feet to break against the outer end
of the groin. Assuming a 1 on 2 side slope and a stone
density of 165 pounds per ft2, this would reguire a armor
stone with an average weight of 10 tons on the head of
the groins. On the trunk of the groin, the armor stone
would have to be only seven tons near the outer end and
one ton near the MIW line. For the short groin, the
stone on the outer end should weigh about five tons.
(Note: These stone tonnages are intended for general guidance

only and are not intended to be a definitive final design.)

3.9 BEACH RESTORATION

For beach restoration by the sand fill or sand replenishment
method, it is assumed that an increase in berm width of 30 feet
at the +10 foot MLW elevation is needed and that sand placement

on a slope of 1 on 20 would be required seaward of that point

B.5-21-
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4 as is shown on Figure 2. This restoration corresponds almost

exactly to the becach restoration after the 1962 storm and the
fill itself could be expected to provide protection against a

storm with a recurrence level of about one in ten years. No

- supplementary raising of the dunes behind the +10 foot MLW berm

is contemplated as most areas already have elevations up to
+13 feet MLW or more. This plan is in general agreement with,
but not as extensive as, the plans that may be recommended by

the Corps of Engineers.

The plan enVisioned above would require thebplacement of about
61.0 yvd? per foot of beach baséd on the 1979 beach profiles
furnished by the Corps of Engineers. This would involve the
Placement &f 2,577,000 yd3 over the northerly eight miles qf

the Ocean City frontage.

It should be recognized that it is not possible to predicﬁA
accurétely the movement of this fill after placement. The con-
siderable deepening of th; waters at the -10 foot MLW depth,
which has taken place over the past 50 vears and appears to be
continuing, might result in a significant movement of the sand
£fill out into deeper water. Thus, possibly a short segment.

of the shore, say one-half mile, should be subjected to the
sand fill method before proceeding with a plan for the entire

eight miles of shore.
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j 4.0 LEVEIL OF PROTECTION

4.1 GROINS

The groins themselves without sand fill between adjacent groins
will not provide any appreciable degree of protection (see sec-
tion 3.7, Filling the Groins). After the groins are filled,

the following levels of protection are anticipated:

¢ Short Groins

On the wide end of the sand fillet, an added protection
of approximately an eight-year storm severity can be
expected over existing conditions of the shore front at
the time the groins are installed and filled. In the
middle of the pocket, the added years would be about four.
At the thin edge of the fillet, no additionai protection
would be added to the existing protection. If the fillet
was parallel to the shore, the addea protection would be

about four vears overall.

® Long Groins

In the manner described above for short groins, the long
groins would provide an additional 12 years of storm
severity protection over existing conditions at the filled

(wide) end.of the fillet, about six additional severity
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years in the center, and no additional protection over
and above existing conditions at the timec of construc-
tion at the narrow {(thin) end of the fillet. Whenever
the fillet was aligned parallel to the shore, the added

severity years would be about six.

4.2 BEACH FILL

The added level of protection from the beach fill or sand replen-

ishment would protect'against a storm with recurrent intervals
of about ten years over the level of protection of the shore
front at the time this alternative was implemented;‘e.g., if

it can be assumed that the present shoreline is adequate to
protect against a storm with a recurrence or frequency of about
ten years (a 1l0-year storm), then .the total protection with
sqnd replenishment would provide protection against a 20-year
storm. (Note: It is not known what the present level_ of protection is for
thé Ocean City shore front, Determination of this factor requires an exten-
sive amount of on-site survey work which is beyond the scope of this study

and is not documented in existing studies.)
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J 5.0 COSTS OF ALTERNATIVES

5.1 INITIAL COSTS

5.1.1 Timber Groins

In the Preliminary Report summary sheet, the 1978 construction
costs reported for a 201-foot timber groin built at Ocean City
was $292.00 per linear foot. From rough estimate costs received
from Edwin A. and John 0. Crandell, Inc., West River, Maryland,
a contractor who has previously cbnstructed groins at Ocean
City, a 1979 cost factor was quoted at approximately $380.00
per linear foot for a short groin, and $468.00 per linear foot
for a long groin. Thus a short groin of 330 feet in overall
length would cost an estimated $125,400.00, and a long groin

of 465 feet overall length would cost $217,620.00. The above
price estimates were based on the construction of a groin as
depicted on drawing no. 3 of the "Plan and Elevation of Pro-
posed Timber Groin at 34th Street, Town of Ocean City, Worcester
County, Maryland”, dated August 1976, from the files of the
Shore Erosion Control Program of DNR. It should be noted that
the proposed short and long groin profiles may not match that
previously used for Ocean City groins which could vary the
linear foot cost if the proposed groin required more or less

material or different cross-section sizes.

°
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end of a groin if it exceeded 250 feet in overall length. He
recommended building a double wéil groin approximately eight
feet wide and filling the space between the groins with sénd
topped with stone. He recomménded the double section of the
groin - ‘extend from the MHW line out to the seaward end. This
would double the cost for a groin for'215 feet of the short
-groin section, and 350 feet for a long groin (between MHW and
éeaward end), or a total cost for a short double groin of |

$207,100.00 and $381,420.00 for a long double groin.

Recap

® short Groin - 330' long x $380.00/ft. = $125,400.00 ea.

50 Short Gr01ns Needed for 8-Mile Section

22 new groins @ $125,400.00 ea. = § 2,758,800.00
Extension of 129' to 28 existing groins .
@ $49,020.00 ea. = 1,372,560.00

$ 4,131,360.00

Double Section Short Groins

22 new groins @ $207,100.00 ea. = § 4,556,200.00
Extension of 129' to 28 existing groins

@ $98,040.00 ea. - =  2,745,120.00

$ 7,301,320.00

B.5-30~
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H o Long Groin — 465' long x $468.00/ft. = $217,620.00 ea.

34 Long Groins Needed for 8-Mile Section

17 new groins @ $217,620.00 ea. $ 3,699,540.00

*Extension of 264' to 17 existing groins
@ $123,552.00 ea.

2,100,384.00
$ 5,799,924.00

Double Section Long Groins

\

17 new groins @ $381,420.00 ea. $ 6,484,140.00

*Extension of 264' to 17 existing groins
@ $247,104.00 ea.

4,200,768.00

$10,684,908.00

*Due to the wider spacing of the long groins, it is estimated that only

17 of the 28 existing groins could be extended in length and maintain
the proper spacing between groins.,

Note: The length for extension of both the short and long groins was
figured from the seaward ends of the existing groins rather than
from the MHW line to allow for existing conditions, assuming the
present groins are properly constructed from their seaward end
to the MHW line.

5.1.2 Stone Groins -

The only fecent stone groin construétion cost estimate avail-
able within the general area of Ocean City, other than for the
80-foot stone groin extensions that the city, itself, had con-
structed, was done by the Philadelphia District of the Corps

of Engineers. The Operations Division of the Philadelphia Dis-
trict quoted the following figures that they used this year

{1979) for a proposed stone groin at Cape May, New Jersey:
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® Material and labor cost estimate per tonnage
of stone ’ ~ $35.00/ton

® Tonnage required per cu. yd. of groin ~ 2 tons/yd?3

The Philadelphia District believes that the groins at Ocean City
and Cape May are close enough in overall size, tonnages, and
design characteristics that the cost factors would be appli-

cable in either location.

Usihg the Corps of Engineers cost estimate, the cost of short

and long groins, based on the design characteristics given in

sections 3.8 and 3.8.1, are:

® Short groins at 330' length with a 10' width crown
and end cap - Total volume of 2232.88 yd3? from
the various sized cross sections .
2232.88 yd?® x 2 tons/yd® x $35.00/ton = $156,302.00 ea.

The short groins would thus cost an estimated

$473.64 per linear foot.

50 Short Groins Needed for 8-Mile Section

22 new groins @ $156,302.00 ea.

Extension of 129' to 28 existing groins
€ $61,100.00 ea.

$ 3,438,644.00

1,710,800.00
$ 5,149,444.00
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® Long groins at 465' length with a 10' crown and
a 15' crown for the last 50' seaward end
to accommodate the 10-ton stone size and

end cap - Total volume of 4697.7 yd3
X 2.0 x $35.00

$328,844.00 ea.

$328,844

PrY =or- $707.19/linear foot

34 Long Groins Needed for 8-Mile Section
17 new groins @ $328,844.00 ea.

i

$ 5,590,355.00
Extension of 264' to 17 existing groins
@ $186,698.00

3,173,869.00
$ £,764,224.00

The Philadelphia District stated that they normally use a 2.0
ton per yd3 for planning purposes (as was used for the above
calculations). However, for actual construction projects, a

1.7 factor can sometimes be used. If construction of stone
groins at Ocean City is contemplated by the State, it may be
found that a bidding contractor could construct the groins at

a rate closer to the 1.7 than the 2.0 factor. This would reduce
the cost of a short groin by $23,445.00 each, or $132,857.00

instead of $156,302 each; and a long groin from $328,844.00

to $279,513.00 or a differcnce of $49,331.00 each.

The actual costs bid for a job will depend upon several vari-
ables such as the total number of groins to be built by a single

contractor, time and date limits imposed, methods of material
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J haul (water, rail, or road), mobilization costs, etc. As these

are unknown for this estimate, the 2.0 factor was used to com-
pute the cost of construction on a maximum scale rather than a

minimum level.

One other area where a savings-may be obtained is in areas where
there is a bulkhead that the groin can be tied into. The lengths
of both the long and short groins include a 50-foot section for
tie-in to the dune that would not be needed where a bulkhead

exists.

5.1.3 Cost of Filling Groins

In section 3.7, it was stated that the groins could be filled
either from littoral drift or by artifical means. If the
groins are built from south to horth, one at a time, and the
sécond groin is not built until the first groin has filled,
the sand can be obtainéd from littoral drift; but the method
will require a number of years before all the groins could be
installed. Using an aftifical £ill method, the groins can be

constructed as rapidly as possible.

Assuming the groins were to be built as rapidly as possible,

sand f£ill would be required upon completion of each groin.

B.5 =34~

TRIDENT ENGINgERING ASSOCIATES, ING,

- <



s

—+

Also, assuming that no more than ten groins per year could be
built due to weather and summer £ime usce of the beach restric-
tions, a total of 201,200 yd? of sand would be necded for ten
short groins or 450,270 yd?® for ten long groins. Based on pre-
vious hydraulic dredging costs and cost estimates from variable
sources and quantities to be dfedged as outlined below, it is
estimated that it would cost approximately $4.00/yd3® for sand
in quantities less than 1.5 million yd" at one time. At $4.00/
yd8, the sand £fill for ten short groins would be $804,800.00,

and §$1,801,080.00 for ten long groins.

The total costs for sand fill for all groins at $4.00/yd3 would

be:

° Short Groins - 50 ea. with 1,006,000 yd3 of sand - $4,024,000.00

° Long Groins - 34 ea. with 1,531,000 yd3 of sand - $6,124,000.00

This is assuming that the groins could not or would not be built
all at one time to take advantageiof a lower cu. yd. cost of
hydraulic dredging. If, in fact, all groins were built in the
same year, a lower unit cost of sand could probably be realized

as outlined in section 5.1.4 below.

B
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J 5.1.4 Beach Fill

In the Preliminary Report summary sheet for this study, the
cost for hydraulic dredging was estimated at $4.00/yd®. This ,
cost was based on the latest figure from the Baltimore District
Corps of Engineers from a contract they let to dredge 60,000 yd3
from the Ocean City Inlet in 1978. It was also stated in the
summary sheet that large volume dredging had in previous years

- been bid at lower costs, ranging from $.77 to $1.77 for quanti-

ties of 3.5 to 1.5 million yd3.

The Baltimore District has previously made cost estimates inde-
prendently for the beach £ill alternatives for their Ocean City
study. (The information sheet for this project is coﬁtained

in Appendix A of Trident's;Preliminary Report.)” The Baltimore
District cost estimates fof their beach £ill alternatives, based
on 1977 prices, for hydraulic dredging from offshore sources,

OB 1l and OB 2 (see Figure 7), and from Land Borrow are:

Hydraulic Dredging Unit Cost
3.5 million yd® 2.5 million yd® 1.5 million yd?

Sand Source

OB 1 2.23 2.25 2.29
OB 2 : 2.93 2.96 3.23
Land Borrow

within 10 miles v 2.35 2.35 . 2,35
The 1977 cost estimates did not include the OB3 (Figure 7)

source, which is new source recently'incluéed in theucbrps study.

N
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4 It is assumed that the OB 3 source costs would be slightly higher
than those listed for OB 2 due to the additional distance of

0.5 mile to pump or transport the sand.

The beach fill alternative, section 3.9, calls for placement of
2,577,000 yd3 on the northerly eight miles.of shore froht. There
are three possibie sources of sand for this method, which are
identified in Figure 7. As can be seen from this figure, any
one of the three sources has adequate quantities to satisfy the
beach fill method. 1In practicality, a contractor would probably
use all three sites to pump sand to the shore front from the
closest possible source to the different sections of the eight
miles of beach. Assuming this, an average figure for dredging
and placing the sandpn the shore front for 2.5 million yd? might
be in the range of $2.85/yd?®*, considering the extra distance
_from OB 3 and that all eight miles of shore front are to receive
an equal.amount of sand from all sources. - This figure must, of
course, be escalated from the 1977 estimate to the year that

" the d;edging is to be accomplished. Using the average figure

of $2.85/yd? for planniﬁg purposes, the 2,577,000 yd3 needed

for this alternative would thus cost $7,344,450.00.

As further identified by the Baltimore District Corps ofvEngi—

neers, the grain size of sand from the three sources, OB1l,OB2,
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4 and OB 3, are comparable to the grain size of sand presently
found on the Ocean City beach. The following table is an
extract of data furnished by the Baltimore District Corps of

Engineers.

GRAIN SIZE ANALYSIS - STATISTICAL PARAMETERS

Composite Samples Mean [{Sorting| 16% 84%
From Ocean City in phi 2.02 0.96 [1.059{2.984
Beach [T T o T =TT T T T T - 7.2
approx. mm size |0.25 0.5 0.48 [0.13
in phi 1.83 1.00 |0.826{2.832
oBl o= === —— - - T -t~
approx. mm size | 0.28 0.5 0.56 |0.14
in phi 2.04 0.62 [1.428(2.661
oB2 F-—==-—-=-= -—— === == =
approx. mm size |0.24 0.65 [0.37 [0.16
in phi 0.94 0.82 |0.118(|1.757
OB3 === _— - — =] b - — - —

approx. mm size | 0.52 0.56 ]0.92 [0.29

B.5-39—

TRIDENT ENGINEERING ASSQOCIATES, INC.




{ 6.0 MAINTENANCE COSTS

6.1 BEACH FILL ALTERNATIVE

It is estimated that it will require approximately 150,000 yd?
per year to maintain the shore front to the level achieved under
the beach fill alternative for protection against a l0-year
storm. This quantity is considered an average annual reguire-
ment that would be needed regardless of storm freqﬁencies or

intensities.

‘Any large storm (+1l0-year intensity) will reduce the beach width
and cause a loss of sand from the shore fronf out into deeper

_ Qater. Normally, some of the sand lost to déep water from a
storm will be returned to the beach during periods of calm
weather. The amount of sand permanently lost to deep water from
a storm would, of course, vary with the storm's intensity. The
.amount of replenishment needed to restore the beach to its orig-
inal form would, therefore, vary, and this quantity is not con-
tained within the estimated normal annual replenishment amount

of 150,000 yd?® per year.

As the annual replenishment gquantity is not large enough to enjoy
a reduced unit cost price, it is estimated at $4.00/yd?® for

dredging and placement on the shore front.

B.5-40-

TRIDENT ENGINEERING ASSQUIATES, INC,



Annual Maintenance Cost: Beach Fill

150,000 yd? x $4.00 = $600,000.00

6.2 GROINS

The use of groins will provide a wider beach which will not
require as large a quantity of replenishment .sand to maintain
the shore front. It is estimated that after the groins are
initially filled, approximately 75,000 yd3 sand would be
required on an annual basis to maintain the beach width
achieved under the long or short groin method. The long
groins would require a.slightly less amount; but for planning
purposes, 75,000 yd3? is estimated for replenishment require-

ments for both systems.

Annual Maintenance Cost: Groins

75,000 yd® x $4.00 = $300,000.00

6.3 SUMMARY OF COSTS

The following initial construction costs and annual sand fill
maintenance costs are listed for direct comparison. The cost-
ing methods and assumptions are as explained in the pertinent

sections of the text above.
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¢ Timber Groins

l.

Short Timber Groins

50 Short.Groins

22 new groins @ $125,400..cccccecescesecos.s$ 2,758,800
129' extension to 28 groins @ $49,020...... 1,372,560

Sand fill for 50 short groins (page 35).... 4,024,000

Estimated initial cost, 50 short timber :
groins.............$ 8,155,360

Annual cost to replenish sand (page 41)....$% 300,000

Double-Section Short Groins

22 new groins @ $207,100.....c0000c00eeee.s$ 4,556,200
129' extension to 28 groins @ $98,040...... 2,745,120
Sand £ill for 50 short groins (page 35).... 4,024,000

Estimated initial cost) 50 double-section
short timber groins......$11,325,320

annual cost to replenish sand (page 41l)....$ 300,000

Long Timber Groins

34 Long Groins

17 new groins @ $217,620...0c0000cvenseesss$ 3,699,540
264' extension to 17 groins @ $123,552..... 2,100,384
Sand ‘£ill for 34 long groins {(page 35)..... 6,124,000

Estimated initial cost, 34 long groins.....$11,923,924

Annual cost to replenish sand (page 41)....3$ 300,000
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Double-Section Long Groins

34 long groins

17 new groins @ $381,420......... ceosesseas $ 6,484,140
264' extension to 17 groins @ $247,104..... 4,200,768
Sand fill for 34 long groins {page 35)}..... 6,124,000

Estimated initial cost, 34 double-section
long groins........ 516,808,908

Annual cost to replenish sand (page 41)....$ 300,000

® Stone Groins

l.

Short Stone Groins (from section 5.1.2 Stone Groins)

50 short Groins

22 new groins @ $156,302. ... .00t $ 3,438,644
129' extension to 28 groins @ $61,100...... 1,710,800
Sand fill for 50 short groins (page 35).... 4,024,000

Estimated initial cost, 50 short groins....$ 9,173,444

Annual cost to replenish sand (page 41l)....§ 300,000

Long Stone Groins (from section 5.1.2 Stone Groins)

34 Long Groins

17 new groins @ $328,844..... eeearsasaeneaa $ 5,590,355
264' extension to 17 groins @ $186,698..... 3,173,869
Sand fill for 34 long groins (page 35)..... 6,124,000

Estimated initial cost, 34 long groins.....$14,888,224

Annual cost to replenish sand (page 41)....§ 300,000

°
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® Beach Fill

Initial Cost: A
2,577,000 yd® @ $2.85/yd3........ veeeees..$7,344,450

Annual cost to replenish sand..e.vcevveeveees.$ 600,000
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£ 7.0 IMPACT ON SEDIMENT MOVEMENT

7.1 BEACH FILL

The "beach £ill only" alternative would certainly not decrease
the present rate of littoral drift moving south into the Ocean
City Inlet complex and may even increase the rate due to the

toe of the beach slope being in deeper water than at present.
Thus, it is estimated that this plan might have a negative
effect on the inlet navigation channel by increasing the shoal-
ing rate. However, it would not have a more significant effect
on Assateague Island than present}y exists due to the inlet and
jetties and could — if it increases the rate of littoral drift —
ultimately have a slightly beneficial effect on Assateague Island

by providing more sand which could be bypassed across the inlet

"to the Island.

7.2 GROINS

Both groin plans would possibly have a beneficial effect on

the navigation channel as they are estimated to reduce the rate
of littoral drift in the order of 75,000 yd3 per year. At the
same time, this same reduction in littoral drift rate —if it
took place — could have a detrimental effect on Assateague
Isiand by providing less sand which could be bypassed across
the inlet to the Island's shore front.
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u It should be recognized that the use or nonuse of the three
“alternatives will have essentially no effect, pro or con, oOn
Assateague Island so long as the navig‘ation channel is main-
tained at a l0-foot depth or more and the dredged sand from
the channel is placed somewhere other.than on the north end
of the seaside beach of Assateague Island. Even if, and when,
placed on this north end beach, the sand so placed will losé
much of its effectiveness until such time as the south jetty
is raised sufficiéntly t§ prevent the sand from moving back

across the south jetty into the inlet.
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4 8.0 CORPS OF ENGINEERS PLANS

The Baltimore District Corps of Engineers "Plans of Improvement
for Beach Erosion and Hurricane Prbtection from Ocean City Inlet
to Maryland-Delaware Line" presently consist of the acﬁions which
are briefly described below, to allow an analysis of compatibiliiy
‘with the alternatives presented in this report. Complete details

of the Corps plans are contained in Appendix A of Trident's Pre-

liminary Report for this project.

® Storm or Hurricane Protection Plan

° Widening and raising the beach (by sand replenishment)

along the entire reach from 10th Street to the Maryland-

Delaware line.

° Creating a dune line (by sand replenishment) from the

end of the boardwalk to the Maryland-Delaware line.

° Constructing a steel sheet pile bulkhead from the end

. of the boardwalk to several blocks south of 10th Street.

This plan has four levels of storm protection where "widen-
ing and raising the beach” would vary the beach width to be
provided dependent upon whether it was to be built up for

storm protection of a 100, 50, 20, or 1l0-year stormn.
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® Beach Erosion Control Plan

The Corps studied four other plans which would provide
for beach erosion control only, no storm or hurricane
protection. These plans consisted of widening and rais-
ing the beach to four different levels. There wouid be

no bulkheading and no construction of a dune line.

Both plans will require periodic replacement of sand to

the beach front of approximately 100,000 yd? per year.

In addition to the plans outlined above, the Corps is also
studying a "Sand Back-Passing/By-Passing SYStem at Ocean City
Inlet". This system incorporates the use of a jetty to create
a deposition basin t'ob trap sand eroding from Ocean City's beach.

The trapped sand could then be used to nourish the Ocean City

- beach by pumping the sand back (sand back-passing) or to nourish

the northern end of Assateague Island (sand by—passing). The
details for this plan are contained in Enclosure 1 to Appendix A
of Trident's Preliminary Report of July 19, 1979 for this

project.
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RELATION OF ALTERNATIVES TO CORPS OF ENGINEERS PLANS

Beach Fill Alternative

The "beach fill only" alternative coincides dircctly with
the Corps plans. This is particularly true for the Corps
plan for protection against a storm with an expected recur-
rence intérval of 10 years (a l0-year sto;m) as this alter-
native and the 10-year storm Corps plan are essentially

the same. The "beach fill only" alternative would also

fit in with all the other Corps plans as all Corps con-
cepts involve placing sandfill on the shore to an extent
equal to or greater than the alternative of this report.
Whatever sand was on the beach at the time the Corps
project was being installed would act to reduce the sand-
£ill regquired uhder the Corps plan and thereby reduce,
somewhat, the local (state, county} or city) share of the

overall project cost.

Groin Plans

The statements made ébove relative to the "beach fiil only"
alternative apply equally to long groin and to short groin
alternatives. In éddition, both groin plans could be
expected to reduce the yearly sand maintenance costs by

about one-half if the Corps adopts its present 1l0-year
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storm plan. Somc reduction in maintenance might be

effected also for the 20-year storm plan. However, the

Corps plans for 50-year and 100-year plans would prob-

ably not be affected noticeably by the groins as the

inner ends of the groins would be buried by the fill

being placed 6n the shore face.
The beach fill cross-section recommended in this study as Shown
- in Figure 2 was derived from the plan of beach restoration
designed and used by the Corps of Engineers following the great
storm of March, 1962. This design was for a 10-~year storm and
is documented in Appendix 6-7 to the Corps of Engineers report
on the 1962 storm entitled, "Operation Five-High", dated August
1963, of which this study follows almost exactly the minimum
allowable section fof.lo—year storm protection. In view of
the fact that Trident's task was to consider interim beach main-
' tenance measures for Ocean City, the "minimum" 10-year storm
section, which uses a 30-foot wide berm at +10.0 ft. MLW rather
than a wider berm, of say 50 feet, was considered the most appro-

priate plan.
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4 10.0  PRIORITY AREAS

The detection of the beach arceas needing attention on a priority
basis involves not only a study of the offshore hydrography and
the location and height of the crest of the berm (or the dunes),
but also a study of the relation of the shoreline buildings

with reference to these other features. A comprehensive study,
including the location of the buildings, the depth and type of
the building foundations, and the location and type (including
penetration) of any protective bulkheads, would have tQ be made
before a reliable selection of priority shore areas could be
made. Such a study is beyond the scope of the present investi-
gation. It is possible, however, to give an indication as to
where the priority areas might be located by examining the off-
shore hydrography and the location of the MLW line with reference

toc the survey base line.

One indication of possible priority need is to compare the dis-
tances on the 1979 survey profiles from the MLW line to the

-4, the -6, and the -8 foot MLW points on the profiles. The
closer in shore that these contours are located, the greater
would be the tendency for further erosion. The following tab-
ulation gives these distances, though it is to be noted that

a number of profile points are missing at the -4 and -6 foot

depth points due to being omitted on the 13979 Corps survey.
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ESTIMATED PRIORITY AREAS
(DISTANCES ARE FROM MEAN LOW WATER TO MOST SEAWARD
INTERCEPT OF THE STATED DEPTH POINT ON THE PROFILE.

DISTANCE MEASUREMENTS ARE FROM THE CORPS OF
ENGINEERS 1979 PROFILES.)

;
SN SR s

Nearby Profile Base Line|Mean Low| -4 Foot | -6 Foot | -8 Foot
Street Number to MLW . Water Point. Point Point
10th . 6 540 ft. 0 40 ft. | 160 ft.*| 360 ft.
15th 8 415 ft.* 0 40 ft. | 70 ft.*| 120 ft.*
20th 9 420 ft.* 0 55 ft. | 65 ft.*| 315 ft.
25th 10 450 ft.* 0 60 ft. | 345 ft. | 365 ft.

(Note 1) |
32nd 13 670 ft. 0 N N 230 ft.*
4lst 15 750 ft. 0 345 ft. | 445 ft. |545 ft. |
48th 17 690 ft. 0 N N N
56th 19 750 ft. 0 N 310 ft. {350 ft.
66th 1 =22 800 ft. 0 | 150 ft. | 250 ft. |350 ft.
76th 23 640 ft. 0 N . |270 £t. [290 ft.
86th 25 580 ft.* 0 45 ft. | 260 ft. |280 ft.*
PP 114 27 610 ft.* 0 N N 270 ft.*
PP 124 29 640 ft. 0 N N 290 ft. |
Cropper 31 590 ft.* 0 N 325 ft. [370 ft.
PP 141 33 700 ft. | 0 40 ft. {175 ft.*|215 ft.*
Roosevelt 35 750 ft. 0 30 ft. N N |
|'Maryland-~
Delaware 37 760 ft. 0 25 ft. N N
Line ‘

Notes: (1) The baseline shifts westward. from the Boaidwalk to Philadelphia

Avenue between profiles 10 and 13.

(2) The letter "N" indicates that this part of the proflle was not

shown on the drawings.

(3) The "%" mark indicates the shortest four or five distancas in

each depth categoru. None are shown for 4-foot Adepth.
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J Actually, so many points were missing at the -4 foot depth
elevation that no assignment of priorities was attempted. At
the -6 foot depth elevation,. three of the four shortest dis-
tances were in Mile 2 (at profiles 6, 8, and 9) between about
10th Street and 20th Street. The fourth shortest distance was
at PP 141. For the -8 foot depth contour points, the shortest
distance was at 15th Street; the second at PP 141; and the

third, fourth, and fifth were at 32nd, PP114, and 86th Streets.

The ‘significance of the above measurements is difficult to
assess, and this analysis should not be interpreted to carry

a recommendation that work be undertaken first at the indicated
locations. A more detailed analysis, as previously indicated,
would have to be made before any firm recommendations could be

made as to priority locations.
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J 11.90 CONSTRUCTION OF GROINS OR BEACH FILL AT PRIORITY AREAS

11.1 ISOLATED GROIN FIELD

The use of an isolated set of groins to reinforce a thin sec-
tion of the shore at a "priority area" has a severe drawback

in that the set of groins will tend to cause erosion south of
the most southerly groin. Thus, if a set of groins were
installed to protect, say Mile 6, then the shore front of Mile

5 would tend to erode severly unless the groins were filled
when-constrqcted. The downdrift erosive effect can be greatly
curtailed by filling’groins when constructed; however, even
when the groins are filled, the disturbance causced by the groins
to the normal travel patterns of the littoral drift miéht result
in some erosion downdrift. There have been proposals that this
downdrift erosion could be avoided by méking the one or two
most southerly groins of shorter length (both offshore and on
the seaward end of the horizontal berm section) than the other
groins. However, no design guidance is available for this pro-
‘posal and this type of action would be in the nature of an
experiment. (See section 3.7 for the recommended}number of
groins for the Ocean City shore front and sequence cof construc-

tion.)
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4 11.2  ISOLATED BEACH FILL

Beach fill can, of course, be placed where needed. However,
isolated pockets of beach £i11 will tend to be dissipated rather
rapidly by the littoral drift carrying the sand to the.éouth.
Here the temptation is to attempt to hold the isolated fill
with groins, but the most southerly groin could be expected

to cause erosion to the south by stopping the littoral drift.
As previously stated, there have been proposals that this‘ero"
sion could be avoided by making the southerly one or two groins
shorter in length than the other groins. Also as stated, no
design guidance is available for this proposal, and this type
of}action would be in the nature of an experiment. Such an
experiment'might be worthwhile, however, if a pressing need

deveiops along a portion of the Ocean City frontage.

If the entire beach fill is placed over the northerly eight
miles of shore as a dontinuous operation, then it can be presumed
that each section of beach receives sand from the north and

loses sand to the south in a more or less continuoué operation.
Thus the need for groins to prevent erosion downdrift from a
beach section is eliminated. The use of groins with the beach
£i1ll would, however, tend to stabilize the beach into a uniform
condition and eliminate the spot erosion which tends to develop

in an irregular pattern along the shore face.
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b{f 12.0 PREDICTED RESULTS

This report has developed in detail the three plans (short
groins, long groins, and beach fill only) selected for further
consideration and development by state officials. The designs
and assessments.givén in this report have followed closely the
standard practice as given in the "Shore Protection Manual”
prepared by the Coastal Engineerihg Research Center of the

U. 8. Army Corps of Engineers. This manual is internationally
accepted as being the most authoritative work dealing with shore
procésseé and shore e¢rosion control. The users of this report
shbuld recognize, however, that the design of shore control
structures, including beach £fill projects, is not an exact
science comparable to thé-design of a bridge or an office.build-
ing. The natural forces along the shore and the effectiveness
of remedial works are not fully uﬁderstood,_and the results

of installing corrective measures may not match the predicted
results with a high degree of accuracy. However, the plans
described in this report could be expected to have a markéd
beneficial effect on the Ocean City shorevfront in general

agreement with the predicted results.
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ADDITIONAL DATA FOR TRIDENT'S
INTERIM BEACH MAINTENANCE AT OCEAN CITY REPORT

This "handout" has been prepared for use by members of the
Coastal Resources Advisory Committee (CRAC) in their October
5, 1979 meeting to review the proposed construction of groins
at Ocean City as an interim beach erosion control measure.

Trident previously studied alternative shore erosion control
measures. that could be implemented by the State as an interim
measure prior to the time the Corps of Engineers plans will
he initiated. These alternative erosion control measures are
contained within our "Interim Beach Maintenance at Ocean City"
Preliminary Report dated July 19, 1979. The Ocean, Bays, and
Beaches Subcommittee and the Departmert of Natural Resources

(DNR) selected three of the alternative measures -- long groins
(465 feet long), short groins (230 feet long), and beach £fill
methods -- for further study, which are contained within our

Final Report dated August 30, 1979. From the presentation of

the Final Report on September 10, 1979, the selection was made
by the Ocean, Bays, and Beaches Sabcommlttee to xecommend con-
struction of the short groins at Ocean City.

Since that period of time, the DNR has requested Trident to
provide additional information consisting of:

1. Typical cross-sections of a conceptual design of the
short stone groin;

2. Recommended locations and spacing of the short stone
groins on the Ocean City beach, considering use of
existing groins that can be extended to the recom-
mended length of 330 feet;

3. Implementation plan or sequence of construction of
the groins cver a five~year period of time Wlth
stimated costs of construction.
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J 1. CONCEPTUAL DESIGN OF SHORT STONE GROIN

The plan under consideration for adoption at Ocean City is
known as the "short groin" plan and is described in some
detail in pages 8-18 in Trident's "Interim Beach Maintenance
at Ocean City" Final Report, dated August 30, 1979. A sketch
of the short groin, as designed, and the estimated resulting
beach profiles is shown in Figure 1.

In reviewing this design, it should be recognized that the’
design is based principally on two things: : .

° The average beach profile in the area; and

° The "initiation point", the point of intersection
of this profile with the mean high water datum plane.

Thus, the outer end of the groin is set at a distance 215 feet
seaward of the intersection of the average profile with the
mean high water datum plane.

It also has to be recognized that the beach sections (or beach
fillets) between a pair of groins will, most of the time, not
be parallel to the shore — as is explained on pages 11-13 of
the Final Report. This will result in the beach being wider
at one end (usually the south end) than at the other end by as
much as 90 feet. Thus, there are two beach profiles shown in
Figure 1: one profile for the "thin" portion of the beach,
and one for the "wide" portion.

At the time the groins are designed as a "final design", care
must be taken in identifying the initiation point (the point
of intersection of the "thin beach profile" and the MHW line).
If the beach is deemed to be too thin with the existing condi-
tion of the beach at that time, then the initiation point must
be moved seaward the additional width needed and the groin
profile itself moved seaward this same -amount.
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J 2. " LOCATION OF GROINS

On the Ocean City beach, there are presently 42 groins that
have been constructed during the past 56 years, from 1922 to
1978. Of these 42 groins, there are 14 groins located in the
first mile of beach as measured in a northerly direction from
the North Jetty at the Ocean City Inlet. These 14 groins are
mainly buried under the sand of the shorefront. (The groin
located between 10th and 1lth Streets is the only groin vis-
able at present.) The distance from the North Jetty at the
Ocean City Inlet to the groin located between 10th and 11lth
Streets is #6030 feet or *1.14 miles. The 1.14 miles of
shorefront contains an accretion of sand which has been built
up from the influence of the North Jetty since its construc-
tion in the 13930's.

For the proposed new groin placement, it is not recommended
that groins are needed in this first mile section of the
Ocean City beach. From the location of the groin between
10th and 1lth Streets to the Maryland-Delaware line, it is
approximately eight miles. It is within this eight-mile
section that it is proposed that new groins should be con~-
structed to protect against shore erosion.

Groin Spacing

The "Shore Protection Manual" (see Appendix B of Preliminary
Report) recommends that the spacing of the groins be two to
three times the working length of the groin. Using the higher
figure, the groin spacing would be:

° Short groins 280* x 3 = 840 feet

* ror the 330-foot short groin designed for Ocean City, 280 feet
of the total length is considered as its "working" length.

If the groins were to be spaced at exactly 840 feet apart, 50
groins would be needed to span the eight miles of shorefront.
Spacing the new groins to utilize existing groins where a

new groin could be built as an extension of an existing groin,
47 groins are recommended for this eight-mile section. As

can be seen in Figure 2, all existing groins that are within
t80 feet of the recommended spacing of 840 feet between groins
have been used as a location for a new groin. This slight
deviation from the recommended spacing utilizes all possible
existing groins that can he used as an extension. As the
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4 entire eight miles of shorefront is to function as a single
integrated groin field, the slight deviation of 180 feet for
a few of the groins from the recommended spacing of 840 feet
between groins is not considered a significant change to the
basic design.

To maintain the $840-foot spacing between the groins as close
to.this distance as possible, three of the seven stone groins
that are scheduled for construction in 1979 should be moved
from their planned location by some +200 feet. These three
groins are presently scheduled to be placed at 125th, 83rd,
and 60th Streets. As noted in Figure 2, the 125th Street
groin should be moved *#200 feet to the north to maintain the
proper distance from the existing groin at 128th Street. The
new stone groin at 83rd Street should also be moved 1200 feet
to the north to maintain the proper spacing from the existing
groin at 91st Street, and the new stone groin for 60th Street
should be moved 1200 feet to the south. If these changes are
made, all groins as depicted in Figure 2 will then be within
+80 feet of the recommended 840-foot spacing between groins,
and all existing groins that are within this interval of
spacing will be utilized for extension.

It should be noted that the locations of the existing groins
as shown in Figurxe 2 were derived from plans received from the
Corps of Engineers and the Department of Natural Resources.
Field verification of actual locations of the groins was not
made. This drawing is for a conceptual plan only; and before

on this drawing and, most important, that the groin is struc-

groin.,
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existing groin to ensure that its location is accurate as shown

turally sound and can be used for the base of an extended stone



Y r{ 3. IMPLEMENTATION PLAN

Final Report, the sequence of construction and the methods of
sand £i11l or placement of sand between groins in the "groin

pocket" are discussed. Briefly, this section of the report
states: :

If the groin pockets are not artifically filled
with sand at the time of construction, it will
take probably seven to eight years of time to
construct all short groins. This is estimated
at the fill rate of some six groins per year.
This amount of time is needed to allow the groins
to fill with sand from the littoral drift before
additional groins are constructed.

Using this method, some erosion may take place at
the north end of each groin pocket. Additionally,
a significant amount of the littoral drift sand
presently being passed along the shorefront would
be retained in the groin pockets and would thus
be taken out of the littoral drift system that
deposits this sand in other locations along the
shorefront, including the shorefront of mile 1,
north of the North Jetty at Ocean City.

The recommended method to prevent erosion in the
groin pockets and to not deprive the littoral
drift of significant guantities of sand is to
fill each groin pocket artifically at the time
of construction. This method will also allow
construction to proceed as fast as a contractor
can build the required number of groins per year.

Assuming that ten groins can be built each year and filled at
the time of construction, the Ocean City groin system could
be completed in approximately five years.

As previously stated, groin construction should start at the
south end of the beach and proceed north. 1In the southerly
section of the beach, the first ten groins to be constructed
would be from 9th Street to 3lst Street. 1In this section,
ten existing timber groins are properly spaced for use to be
extended by the new stone groins.
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The first year's cost would thus be for ten stone groin exten-

sions to existing timber groins. The actual length of stone
groin needed as an extension to an existing timber groin can-

not be accurately determined without a field survey and deter-

mination of the desired height of all groins for the Ocean
City beach environment. However, it is estimated that the
stone groin should be at least 129 feet long. This would tie

the. stone groin into the timber groin approximately at the MHW .

line of the "wide section" of the beach fillet (see Figure 1).
1t might be desirable to extend the stone groin further into -

the shorefront, but this would need to be determined by fleld\

survey and flnal design con51deratlons.

The important factor would be to make certain that there is a
proper "tie-in" between the wood piling section and the rock
section. One way of doing this would be to consider the tim-
ber groin as a "center board" for a portion of the rock groin.
Under this concept, the rock groin would be brought shoreward
sufficiently to overlap the wood section for a distance of 15
to 20 feet. The rock section in the overlap would be retained
at the same section as would be used if no wood groin were
present. The wood section would then be along the centerline
of the overlapping rock section.

The rock section would, of course, be discontinued after the
15 or 20 feet of overlap had been obtained and the wood sec-
tion left to provide the remalnlng groin section to the back
of the beach.

Groin Construction Costs

Estimated cost for a stone groin of the approximate size and
cross—~section dimensions recommended for the Ocean City
environment is $473.64/linear foot*,

* The $473.64/linear foot cost for stone groins is based 6n
an estimated cost of groins furnished by the Philadelphia
Corps of Engineers.
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lst Year Cost

Groins — Extension of 129 feet of new stone groins
to ten existing timber groins

$473.64 x 129 feet = $61,100.00 ea.

x 10 groins = $611,000.00

Sand Fill — 20,120 yd? for each groin pocket
x 9 pockets of 10 groins = 181,080 yd3
X $6.00*%*/yd3 = $1,086,480.00

~r

TOTAL COST 1ST YEAR...eeeveeess..51,697,480.00

2nd Year Cost

10 groins from 34th Street to north of Maryland
Route 90 location (see Figure 1l). 1In this section
there is one timber groin and two (1979) stone groins
that can be used for extensions. Seven new stone
groins would be needed.

3 extension groins x $61,100.00 ea. = $ 183,300.00

7 new stone groins ($473.64 x 330 feet) |

$156,301.00 ea. x 7 = $1,094,108.00
Total for Groin. Construction..... $1,277,408.00

Sand Fill - 20,120 yd? for each groin pocket
' x 10 pockets of 10 groins = 201,200 yd3
x $6.00/yd? = $1,207,200.00

TOTAL COST ZND YEAR-o--o.ot--t---$2,484,608-00

**56.00/yd?® cost for sand is based on September 1979 estimates
received from the Baltimore District Corps of Engineers from
their latest revision of their Beach Erosion Study. The
Baltimore office provided us a $4.00/yd3 cost based on their
1977 data which was used in our Final Report for this study.
Actual costs incurred at the date the dredglng is to be
accomplished may vary con51derably.
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J 3rd Year Cost

10 groins from north of Maryland Route 90 location to 93rd
Street. In this section, there are four existing timber
groins and two (1979) stone groins that can be used for
extensions. Four new stone groins would be needed.

"6 extension groins @ $61,100.00 ea. = $366,600.00

4 new stone groins @ $156,301.00 ea. = $625,204.00

Total for Groin Construction........$ 991,804.06

Sand Fill — 10 groin pockets = 201,200 yd?
x $6.00/yd3

$1,207,200.00

TOTAL COST 3RD YEAR. . eeeeereooeenn. $2,199,004.00

4th Year Cost

10 groins from 98th Street to 128th Street. 1In this
section, there are two existing timber groins and
three (1979) stone groins that can be used for .
extensions. Five new stone groins will be needed.

5 extension groins @ $61,100.00 ea. $305,500.00

5 new stone groins € $156,301.00 ea. $781,505.00

Total for Groin Construction........$1,087,005.00

Sand Fill — 10 groin pockets = 201,200 yd?3
x $6.00/yd?

$1,207,200.00

TOTAL COST 4th YEAR

;

................. $2,294,205.00
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5th Year Cost

7 groins from north of 130th Street to the Maryland-
Delaware line. All groins are new stone groins.

7 new stone groins @ $156,301.00 ea. = $1,094,107.00

Sand Fill - 7 groins pockets = 140,840 ygds3
x $6.00/yd?3 = $ 845,040.00 .

TOTAL COST STH YEAR. .. uvvneennennns. $1,939,147.00

Total Cost

Total costs for 47 groins and sand fill over. five-
year period,

Groin Construction. . © 0 00 0080000 00000 a$ 5’ 061’324-00

Sand Fill-oooo-.co.ou-ovnoo.o.-...cocS 5,553,120.00

GRAND TOTAL. cvecvveveonsoavensssss.$510,614,444,00
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